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l PEEFACE. 

In the first edition of this book, published in 1872, an attempt was made to 
bring together the existing measurements of spectra, and to present them 
upon a uniform scale of wave-lengths. Since that date, spectroscopic research 
has been very active, and the mass of material dealt with in the present 
edition is very large, not only because so many more competent observers 
have entered the field and because they are provided with greatly improved 
instruments, but also because new methods have enabled them to extend 
their observations into the ultra-violet and the infra-red regions of the spec- 
trum. The mass of materials has been so great that the author would 
hardly have ventured upon the task if he had not received the valuable as- 
sistance of a committee ^ of the British Association appointed at the meeting 
at York * to prepare a new series of wave-length tables of the spectra of the 
elements and compounds.' These tables were printed in the Reports of the 
Association for the years 1884, 1885, and 1886, and the bulk of the present 
work consists of reprints of these tables, but with important additions. It 
has been possible to incorporate in the reprints the results of certain valuable 
researches which were published too late to be employed in the compilation of 
the ' Reports ; ' amongst them may be mentioned Thal^n's memoir ' Sur le 
Spectre du Fer ' ^ and Fievez's * Sur le Spectre du Carbone.' ^ 

Another difference between the present tables and those of the Reports 
consists in the addition of a column headed * Oscillation-frequency,' in which 
the lines of the spectra are recorded by the nimiber of wave-lengths in one 
centimetre in vacuo. In the present stage of spectrum analysis, when 
vigorous efforts are being made, and with much success, to trace the connec- 
tion between the molecular constitution of a gas and the vibrations to 

" Consisting of Sir H. B. Roscoe, Mr. J. N. Lockyer, Professors Dewar, Wolcott Gibba, 
Liveing, iSchuster, and W. N. Hartley, Captain Abney, and Dr. Marshall Watts. 

* Royal Society of Upeala, iSept. 1884. 

* ' M6m. de TAcad. roy. de Belgique/ zlvii. 1886. 
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which its radiations are due/ it is hoped that this method of recording 
spectra may facilitate research ; it is, moreover, more suitable for use with 
refraction-spectra and in furnishing data for interpolation — as is more fully 
explained in the * Introduction.' The wave-lengths obtained by different 
observers are given in parallel columns and are expressed in ten-millionths 
of a millimetre (or tenth-metres ^). They are based upon the mea.surements of 

FRAU17H0FEB LiNES 



Denignation and Origin 


Wave-length in Air 


Refractive Index of Air 


A 
B 
(H) 

D (Na) 

B (Ca&Fe) 

b| (Mg) 

h| (Mg) 

b, (Ni&Fe) 

b4 (Mg&Fe) 

F (H) 

G (Fe) 

H (Ca) 

K (Ca) 

L (Fe) 

M (Fe) 

N (Fe) 

(Fe, double) 

P (Fe&Ti) 

Q (Fe) 

B (Fe&Ca) 

r (Fe, double) 

8, (Ni. double) 

B, (Fe, triple) 

• (Fe) 

T (Fe, double) 

t (Fe) 

U (Fe) 


7604-0 
6867-0 
6562-1 

6269-13 

618310 

617216 

6168-48 

6166-88 

4860-72 

4307-25 

3968-1 \ 

39330/ 

3819-8 

8727-0 

8580-5 

8439-8 

8359-2 

3284-9 

8179-0 

3144-3 

8100 61 g.QQ.Q 

8099-5/^^""® 

8046-4 

8019-7 

2994-3 

2947-8 


1-00029286 
100029350 
l-0002'9383 

100029470 
1-00029584 

1-00029685 
1-00029873 

1-00030028 

1-000300955 

1-000301476 

1-00030212 

1-00030336 

1-00030397 

1-00030459 

1-00030555 

1-0003073 1 



» Mitscherlich, ' Phil. Mafe.* xxviii. 169. 

Mascart, ' Compt. Rend.* clxiz. 1869. 

Btoney and Reynolds, « Phil. Mag.' (4) xli. 291 ; xHi. 41 (1871). 

Lecoq de Boisbaudran, ' Compt. Rend,* 18€9, pp. 106, 659; 'Ann. Be. da la Charante- 
Inf6rieure,' 1870. 

Soret, «PhU. Mag.* xlii. 464 (1871). 

Ciamician, * Ber. kais. Ak. Wise, zu V^Tien,* xvii. 138 (1880). 

Liveing and Dewar, • Phil. Trans.* 1884. 

Comu, * Compt. Rend.* xcvii. (1884) ; c. 1181 (1885), 

Balmer, * Joum. de Physique,* 1886 ; • Wied. Ann.* xxv. 80. 

Deslandres, ' Compt. Rend.* ciii. 875 (1886); cvi. 842 (1888). 

Griinwald, *M6moire de I'Acad. de Vienne,* July, 1887 ; • Astr. Nachr.* 2797. 

Nordenskiold, * Compt. Rend.* cv. 989, 1887. 

Schuster, • B. A. Report * ; • Nature,' xx. 632. 

Eagenbach, * Verb. d. Naturf . Ges. zu BaseL' 

Liveing and Dewar, ' Phil. Trans.' clxxix. 27 (1888). 

' Adopting the symbol fi to denote the j^ of a millimetre (a mioran), the wave-length 
of Da may conveniently be written m 0-588912. 
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the Fraunhofer lines by Angstrom for the visible rays, and the extension of 
the same series of measurements into the ultra-violet portion of the spec- 
trum by Oomu and other observers. The small corrections indicated at p. 29 
of Angstrom's memoir ' Le Spectre normal du Soleil ' have been applied to 
his numbers, but they are uncorrected for the dispersion of air. Hence the 
wave-lengths given in the tables refer to air of 760™™* pressure at Upsala and 
at 16° C. The numbers taken from Thal6n's 'Determination des Longueurs 
d'Onde des Raies m^talliques ' have had applied to them the small corrections 
necessary to bring them into harmony with the numbers finally adopted by 
Angstrom as * Valeurs definitives' (*Recherches sur le Spectre Solaire,' pp. 25 
and' 31-32), as stated in the foregoing table. 

In converting wave-lengths into oscillation-frequencies, they have been 
reduced to vacuo by multiplying by Ketteler's values of the refractive indices 
of air.* For the ultra-violet rays the refractive indices were deduced by a 
graphical extrapolation. A curve plotted with values of ( ^ )^ as abscissae and 
of /i-l as ordinates was nearly a straight line, and gave the values stated 
above. The wave-lengths have then to be multiplied by these numbers, or, 
what is more convenient in practice, increased by a certain amount as stated 
in the following table, when it is not desired to go beyond the first decimal 
place. 

Table of Cobbections to be Applied to Wave-lenqths ik Aib to Reduob 

TO Vacuo. 



Between 7692 


and 


7342 


add 


2-2 


•> 


7342 


■» 


6992 


II 


21 


M 


6992 


It 


6642 


II 


20 


•> 


6642 


II 


6292 


II 


1-9 


H 


6292 


II 


5942 


II 


1-8 


»f 


6942 


*• 


6588 


II 


1-7 


»> 


6588 


>i 


6235 


fi 


1-6 


tl 


5235 


«• 


4890 


II 


1-6 


ft 


4890 


II 


4538 


•» 


1-4 


» 


4538 


It 


4180 


f* 


13 


>« 


4180 


II 


3824 


It 


1-2 


l> 


3824 


II 


3459 


tl 


11 


*» 


3459 


tl 


3096 


It 


10 


II 


3096 


It 


2730 


It 


0-9 


II 


2730 


II 


2363 


It 


0-8 


1* 


2363 


II 


1994 


II 


0-7 


M 


1994 


M 


1625 


M 


0-6 



The following symbols are employed in the tables to indicate the character 

ol the lines :— 

8 denotes that the line is sharply defined. 

n denotes that the line is ill-defined or nebulous. 

b denotes a band, the position of the brightest part being given. 

\F denotes a band sharply defined on the least refracted side, and fading away towards 

the bine, 
b^ denotes a band sharply defined on its more refracted side, a^d fading away towards 

the red. 

> *Phil. Mag.' ii. 336(1866), 
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The width of a broad band is sometimes indicated by a suffix, giving the 
width in mn<A-metres ; thus, 4997 b^'g means that the bright edge of the 
band is about 4997, and that it fades away about 4947 ; whereas 6532 b4 
means that the band extends from 6552 to 6512, its brightest point being at 
6532. 

c denotes that the line is continuous. 

d denotes that the line is discontinuous, or a * short ' line. 

r denotes that the line is frequently * reversed.* 

A number within parentheses, thus : (3091-9), means that while a line in this position 
has been observed, no new measurement of wave-length was made — the wave- 
length being quoted from another observer. 

The intensities of the lines are expressed upon an ascending scale from 
1 to 10 ; 1 being the feeblest and 10 the brightest. 

Most of the measurements here brought together are given by the 
observers themselves in wave-lengths based upon Angstrom's numbers, 
which seem to have been accepted with one accord as the standard of re- 
ference. 

The more important exceptions are the observations of Huggins and 
Kirchhoff. The method of reducing Huggins's numbers is explained in the 
preface to the first edition of this work. The numbers now given from 
Kirchhoff have been reduced by graphical interpolation by means of the 
interpolation instrument specially constructed for the committee by Messrs. 
Cooke & Sons of York, and are based upon a careful comparison of Kirchhoff 's 
maps with the * Spectre normal ' of Angstrom. The identification of par- 
ticular groups of faint lines is not always the same as in the B. A. catalogue 
of oscillation-frequencies (Report, 1878). 

The lines chosen as starting-points for this interpolation are chiefly 
calcium and iron lines, and they are distinguished in the lists headed ' Kirch- 
hoff ' by brackets, e,g, (6161*4). 

It should be noted that the lines given by Huggins are frequently more 
numerous in the region examined by him than those of Thal^n — as in the 
case of arsenic, bromine, chromium, cobalt, gold, osmium, and strontium. 
The reason of this is probably that suggested by Thal^n,^ that in many cases 
he employed solutions of salts of the metals, whereas Huggins employed the 
metals themselves. 

o 

It appears to the author that the general agreement to adopt Angstrom's 
numbers is a sufficient reason for not attempting (at least at the present 
stage) to look for more accurate determinations of the fundamental wave- 
lengths. It seems to be even more important to have a generally accepted 
standard than to have great accuracy in the absolute values. 

At the same time there seems no reason to doubt the great accuracy of 
the recent results of Peirce, Rowland, and Bell, and the following table, based 
upon data kindly furnished by Messrs. Rowland and Bell, gives the correc- 

* Page 10 of Introduction to * Longueurs d*Onde.' 
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tions to be applied to the nutnbers of these tables to bring them into as close 
agreement as possible with the photographic map of Prof. Rowland. 

Table op Coebbctions to be Applied to Reduce Angstbom and Gobnu's 

NUMBEBS TO THE STANDAED OF ROWLAND'S MAP. 



Wave-length 


Correction 


Wave-length 


Correction 


At or about 3350 


+ 0-2 


At 6400 


-1- 1-2 


„ 3370 


+ 0-3 


„ 5410 


4. 10 


3400 


+ 0-4 


„ 5420 


+ 0-7 


From 3430 to 4000 


+ 0-5 


„ 5440 


+ 10 


At 4020 


+ 0-6 


„ 6600 


+ 11 


From 4040 to 4680 


+ 0-7 


From 5520 to 6600 


+ 1-2 


At 4600 


+ 0-8 


At 6700 


+ 1-3 


From 4630 to 4700 


+ 10 


„ 5740 


+ 1-2 


At 4720 


+ 0-9 


From 5780 to 6030 


+ 1-0 


From 4740 to 4860 


+ 0-8 


„ 6030 „ 6100 


+ 11 


At 4880 


t 0-9 


„ 6100 „ 6220 


+ 10 


„ 4920 


+ 10 


„ 6220 „ 6380 


+ 11 


„ 4960 


+ 0-9 


„ 6400 „ 6450 


+ 10 


„ 4990 


+ 0-8 


At 6460 


I- 11 


„ 5010 


+ 0-7 


From 6500 to 6600 


+ 1-2 


From 6020 to 6100 


+ 0-6 


At 6260 


+ 11 


„ 5120 „ 5170 


+ 0-7 


„ 6700 


+ 10 


„ 5170 „ 5200 


+ 0-6 


„ 6730 


+ 0-9 


„ 5210 „ 5260 


+ 0-8 


„ 6750 


+ 0-8 


„ 5280 „ 5310 


+ 10 


From 6770 to 6900 


+ 0-7 


At 6320 


+ 0-8 


At 6930 


+ 0-8 


„ 6330 


+ 0-9 


„ 6960 


+ 0-9 


„ 6340 


+ 10 


„ 6970 


+ 10 


,. 6360 


+ 11 


,. 7000 


+ 1-5 



The number finally adopted by Bell ^ for the absolute wave-length of D, 
(the less refrangible sodium line) is 5896*18 in air at 20' C. and 760™™, or 
5897-9 in vacuo. 

Prof. Rowland ^ gives the following wave-lengths of the chief Fraunhofer 

lines : — 

A (edge) 7693-97 




B 
C 

E 

b. 
K 

G 



6867-83 
6662-96 
68H6 08 
589012 
627004 
6183-7H 
4861 -43 
43U7-H6 



It is the author's intention shortly to publish an atlas of maps of the 
spectra on the uniform scale of oscillation-frequencies, as a companion to tne 
present work ; and to add to it tables supplementary to the present ones — 
giving later measurements as far as possible. 

* * On the Absolute Wave-length of Light,' 'Am. Jour.' xxxviii. p. 91 (May, 1888); 
• Phil. Mag.' xxiii. 266. 

» * On the Relative Wave-lengths of the Lines of the Solar Spectra,' « Am. Jour.' xxxiii. 
p. 183 (March, 1887) ; * Phil. Mag.' xxiii. 267. 
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The best method of measarmg and mapping a spectrum must, of course, 
depend on the object with which the spectrum is observed. If the 
spectroscope is employed only as an auxiliary to the ordinary methods of 
chemical analysis, and the object ii^ simply to determine the presence or 
absence of a metal of the alkalies or alkaline earths — ^say lithium or 
calcium — very rough measurement only is needed ; indeed, in most cases, 
the colour of the line or the general appearance of the spectrum is 
sufficient. But if, on the other hand, the object is, for example, the 
determination of the presence or absence of oxygen in the sun's 
atmosphere, or the description of some new spectrum observed for the 
first time, the case is altogether different ; the greatest dispersive power 
that the circumstances of the case will allow must be employed, and 
the position of each line must be measured with the utmost accuracy 
attainable by the best use of the best apparatus at command. 

The spectrum may, of course, be produced either by diffraction from 
a diffraction-grating or by refraction through a prism. The splendid 
diffraction-gratings furnished by Butherford give results unapproached 
by any other means when the source of light is sufficiently powerful ; but 
the intensity of a diffraction spectrum is always so much less than that 
of a dispersion spectrum that for most purposes of spectroscopy the 
prism mast be employed. 

For the ordinary purposes of chemical analysis, nothing can be better 
than a strongly-built spectroscope, provided with one prism of 60° of 
dense glass, and a photograph-millimetre scale, seen by reflection at the 
first surface of the prism. 

It is not possible to construct instruments with exactly similar scales, 
and each instrument shonld therefore have its readings reduced to wave- 
lengths by the method of graphical interpolation, to be presently 
described ; but it is convenient to have these reflected scales as nearly as 
possible similar to the one given in Bunsen's first paper.^ On this scale 
the Fraunhofer lines have the following positions : — 

A 17-5 B 28-9 C 350 D 50 E 709 6 75 F 90 
G 127-3 Hi 161-2 H2 1657 

* Phil. Mag. (Fourth Series) vol. xxvi. p 247. 
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and the Lithiam, Strontium, and Thallinm lines are as follows : — 

Li 31-5 Sr a 105-5 and Tl 67-8. 

The brass mpanting in which the scale is placed is alwajs so made as 
to admit of movement horizontally, so that any division of the scale may 
be adjusted to any given line. The adjustment for the Bunsen scale 
is made by bringing the sodium line to 50 of the scale, the image of that 
edge of the slit which does not move when the breadth of the slit is 
altered being made to coincide exactly with the division 50. If this 
be on the left hand of the observer, then always the position of the 
left-hand edge of each line and band is to be Observed, and in the case 
of a faint line the slit may be opened to admit more light, and yet an 
accurate reading may be obtained. This refers, of course, only to lines 
which are sharply defined, and not to bands of considerable breadth. 
The most convenient plan in making a map of an ordinary spectrum 
is first to put down, as exactly as possible, the positions of the well-defined 
lines on an ordinary lithographed millimetre scale, opening and closing 
the slit as convenient, and then to go over the work again, keeping the 
slit at one uniform width and noting the relative intensity of the lines 
and the width and character of the bands, whether sharply defined at the 
edges, or sharp at the one edge and fading away at the other, or bright 
in the middle and fading away at each edge. There is no better plan 
of noting the peculiarities of a spectrum than that employed by Bunsen, 
in which each bright line is represented by a black mark on the paper, 
whose height represents the intensity of the line. 

A convenient modification of the scale used with the spectroscope for 
ordinary purposes has been proposed by Professor Emerson Reynolds.^ 
The observing telescope carries cross wires, and as it moves from one line 
to another it causes an index-finger to travel round over a divided arc 
on a plate of opal glass, which is feebly illuminated by a small flame. 
The positions of the more important lines of the elements, whose spectra 
are easily obtained with the Bunsen fiame, are marked on the opal plate ; 
the identification of any particular element is thus made without moving 
the head away from the eyepiece of the instrument. 

Very beautiful drawings of many of the ordinary spectra are given 
in Lecoq de Boisbaudran's * Spectres Lumineux.* The means of ignition 
employed in producing these spectra were (1) the ordinary Bunsen flame, 
(2) the spark from an induction coil (without a Leyden jar) striking on 
the surface of the solution of the substance to be examined, (3) the spark 
impiuging on the surface of the fused salt, (4) the spark between metallic 
wires. In some cases, the gas feeding the Bunsen burner was charged 
with hydrochloric acid gas, by making the gas pass through a flask 
containing a warm solution of hydrochloric acid. The spectra drawn 
comprise the flame-spectra of caesium, rubidium, and potassium chlorides ; 
barium chloride, bromide, and iodide : strontium, calcium, magnesium, 
manganese, copper, and gold chlorides ; boracic acid and salts of sodium, 
lithium and thallium ; and the spark-spectra of salts of potassium, sodium, 
lithium, barium, strdhtium, calcium, magnesium, aluminium, chromium, 
manganese, iron, cobalt, nickel, zinc, cadmium, indium, tin, bismuth, 

* Phil Mag. (Fifth ries) vol. v. p. 106. 
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lead, antimony, copper, silver, mercnry, gold, platinnm^ and palladinm, 
besides absorption-spectra of chloride of didjminm, chloride of erbium, 
and potassinm permanganate. Accurate drawings are given by Bnnsen^ 
of the following spectra : — Flame-spectra of potassinm, caasinm, rubidium, 
thallium, sodium, lithium, calcium, strontium, and barium chlorides; 
spark-spectra of rubidium, caesium, thallium, sodium, lithium, calcium, 
strontium, barium, magnesium, erbium, yttrium, cerium, lanthanum, 
and didymium ; and absorption-spectra of erbium nitrate and didymium 
sulphate. 

It is necessary that the indications of each spectroscope should be 
reduced to the common scale of wave-leugths, if the results obtained are 
to be compared with those obtained with other spectroscopes : but for the 
mere purpose of identifying an alkali or an alkaline earth it is not necessary 
to go beyond the scale of the spectroscope itself. Photographed scales, 
giving the positions of lines directly in wave-lengths, to be used instead 
of the ordinary scale of equal parts, have been constructed,^ but for 
accurate vo^^ it is much the best to employ a scale of equal parts, and 
to effect the reduction of wave-lengths separately. 

It is not very often that any other means of ignition than the Bunsen 
flame is employed when the specfcroscope is simply used as an addition 
to the ordinary means of chemical analysis. The employment of a higher 
temperature, however, much extends its range even for such purposes, 
and at the same time increases the difficulty of identification, and neces- 
sitates more exact measurements. 

A small induction coil, actuated most conveniently by some form of 
battery, such as the Bichromate cell, which can be kept always ready,* 
and a small Leyden jar — the inside coating connected by an insulated 
wire with the one terminal of the coil, and the outside coating with the 
other — ^furnish a spark of the necessary intensity. If platinum wires 
are employed as poles, it is important that fresh wires should be taken 
each time, since wires which have been used for any particular metal 
often continue to give the lines of that metal with great persistency. 

Bunsen^ recommends as poles little cones of pure porous carbon, 
impregnated with a solution of the substance under examination. 
A further* difficulty in the employment of the spark with the spectroscope 
for the ordinary purposes of chemical analysis arises from the constant 
presence of the air. spectrum. It is necessary, therefore, to carefully map 
the spectrum of air^ as obtained with the coil and spectroscope, which 
are to be employed, say, first with platinum wires and then with silver 
wires as poles. In each case the brightest lines will be those due to air, 
with the addition in the one case of the fine lines of platinum, and in the 
other of those of silver. The fine lines given by the less volatile metals 

* Pogg, Arm. der Physik u. Chemiey civ. 366. Phil, Mag, (Fourth Series), vol. 1. 
p. 627. 

* Roscoe and Schorlemmei^s ChemUtry, vol. ii. pt. ii. p. 471. Salet, Paris Chevi. 
Soe., May 4, 1877. 

» Bunsen, PML Mag. (Fourth Series), vol. 1. p. 627. 

* PhU. Mag. (Fourth Series), vol. 1. p. 430. 

* For other modes of procedure see Lockyer*s Sttidies in Spectrum AnalysiSf 
pp. 60 and 63. . 

* Maps of the air-spectrum are given in Bunsen's paper, Phil. Mag. (Fourth 
Series), vol. 1., and in Thal^n's Betermitiation des Longueurs d'Onde. 
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are often easily dieiingaislied from those of air by tlie fact that they often 
extend only a short distance from each pole, and do not reach across the 
whole breadth of the spectrum, while those of air are of equal width across 
the whole breadth of the spectrum. 

The air-lines are fainter when no jar is employed, so that with 
the more volatile metals it is easier to work with the coil without a 
Leyden jar. 

The best map of the bright lines of the metals is that of Thal6n* (upon 
the scale of wave-lengths), who, however, has employed poles of the metals 
themselves and higher coil-power than is likely to be used in ordinary 
laboratory work. 

Other modes of ignition, which, however, will be employed for the 
most part only for special researches, are furnished by the oxy-hydrogen 
blowpipe and by the electric arc. The differences in the spectra obtained 
by employing these different methods of ignition may be shortly accounted 
for by the different temperature to which the substance is heated — at 
low temperatures the spectra of compounds are obtained which at higher 
temperatures are resolved into their elements. The Bunsen flame gives 
the lowest temperature, the oxy-hydrogen flame next, then the spark from 
a small coil without a Leyden jar ; then comes the electric arc, the tem- 
perature of which increases with the number of cells employed ; then the 
spark obtained with an induction coil and small jar, the temperature of 
which is increased up to the highest point obtainable by increasing the 
size of the coil and jar employed. 

The following list of lines will be found useful in constructing the 
curve of wave lengths for a one- prism spectroscope. The wave-lengths 
are given in tenth-metres * (or ten-millionths of a millimetre) ; there is 
also given the approximate position of the line on Bunsen's scale, and the 
reciprocal of the wave-length, or * oscillation-frequency * — i,e. the number 
of waves in one millimetre. There are many advantages in using these 
'frequencies' instead of the wave-lengths themselves, as will be after- 
wards explained. 

(a) Flame Spectra. 



Scale-number. 


Wave-length. Osdllation-frequency. 


Lithium .318 


6707-3 


1 490-9 * 


Sodium . 600 


6890-?}^^^^ 58937 


1 696-84 "1 ,, „„ lAQA.T 
1697-68)^®*''^^^^^ 


Thallium . 67*8 


63611 


1868-8 


Magnesium' 74-6 


6184-2 


1928-94 


Strontium 105*6 


4609-0 . . . 


2169-7 



* Nova Acta Reg, Soc. So, Upml.y Third Series, vi. Upsala. W. Schultz, 1868. 
« A * tenth-metre ' is (^) " metre. 

' Least refrangible line of the (ft) group, seen in the flame of burning magnesium. 

* The lines of which the oscillation-frequency is given to two decimal places are 
found in Angstrom's map, and in the B.A. catalogue of oscillation-frequencies ; those 
which have only one decimal place are given on the authority of Thal6n. His 
numbers have been corrected for the small differences between his tables and the 
table given in Angstrom's work (* Recherches sur le spectre solaire,') p. 31, and also 
for the dispersion of air so as to give the wave-lengths in vacuo. All the numbers in 
the above table refer therefore to the vacuum. 
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(&) Frawnkofer IA/ns%* 



A . 

B , 

C . 

D . 

E . 

bi . 

b. . 

bg and b^ 

P . 

G . 

H. . 

Ho • 



Scale-number 
17-5 
28-9 
360 

600 

70-9 

74-6 

74-8 

76-0 

900 
127-3 
161-2 
166-7 



Cadminm 

Lithium 

Copper 

Lead 

Cadmiom 



n 

Copper 
» 

. »> 
Cadminm 
Air . 

Barium 

Cadmium 

Barium 

Calcium 

Barium 

Calcium 



36-9 

44-6 

63-2 

68-4 

66-6 

68-2 

69-9 

73-1 

76-6 

77-8 

78-7 

82 

82 

86-2 

100-8 

108-8 

110-8 

136-6 

147-1 

161-2 

166-7 



Wave-length 
7606-1 
6869-1 
6663-9 

68^.7}^^5893.7 

6270-6 

6184-2 

6173-6 

61691 

4862-1 

4308-6 

3969-2 

3934*1 

{p) Spwrk Spectra, 

64401 
6103-9 
67830 
6608-7 
6379-6 
6339-1 
6293-3 
6218-7 
61641 
6106-6 
6086-6 
6006*6 
6003-6 
4934-9 
4678-3 
4664-8 
4626-7 
4227-6 
4131-9 
3969-2 
3934-1 



-7/ 



Oscillation-frequency 
1314-74 
1466-82 
1623-48 

1897-31 
1928*94 
1932-89 
1934*66 
2066*73 
232102 
2619-39 
2641-88 



1662-76 

1638-37 

1729-21 

1782*9 

1868-9 

1873-0 

1889-18 

1916*17 

1940*19 

1968-29 

19660 

1997-4 

1998-6 

2026-37 

2137-66 

2196-49 

2209-68 

2366-44 

2420-2 

2619-39 

2641-88 



f 



If the observer is not familiar with the Fraunhofer lines, or has diffi- 
culty in recognising the partioolar bright lines of the metals given in the 
preceding list, the following plan is recommended : First observe accurately 
the positions of the lines of the ' flame spectra ' given, and from these 
construct an interpolation-curve ; then mark on the curve the wave-lengths 
of the Fraunhofer lines, and so determine their positions approximately on 
the scale of the spectroscope. On directing the instrument to the sun or 
to a bright cloud, the Fraunhofer lines will certainly be found at or near 
these positions. Now let these Fraunhofer lines be read off as exactly as 
possible, and from their positions, and those of the lines of the flame- 
spectra, let a more accurate interpolation-curve be drawn, and let this curve 
be used to find the positions of the lines of the spark-spectra. The final 
curve should be drawn when the positions of these spark-lines have been 
carefully observed. If it is not convenient to make use of the spark- 
spectra, a very fair curve may be constructed from the lines of the flame- 
spectra and from the Fraunhofer lines, but a little trouble in obtaining as 
accurate a curve as possible will be well repaid. As a sample of what 
may be done with a one-prism spectroscope and reflected scale, the follow- 
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ing nntnbers, taken from Lecoq de Boisbatidran, for the wave-lengths of 
bismuth lines, are compared with Thal^n's nnmbers : — 



Lecoq de Boisbaudran 


Thsd4n 


Lecoq de Boisbaudran Thaj^n 


6130 . 


61290 


6144 


5143:5 


6048 . . . 


60500 


5123 


5123-5 


5719 


5716-5 


4724 


4722*0 


5552 


55530 


4303 


4302,0 


5268 


62700 


4259 


4259-6 


5209 


52080 


4118 


41190 



The lines from which Lecoq de Boisbandran's interpolation-carve was 
drawn are the following : — 



Scaie-reading Wave-length 




Scale-reading 


Wave-length 


Potassium 


65-55 


7680 


Thallium 


1 18-40 


5349 


Solar A 


72-50 


7185 


Silver 


124-40 , 


6208 


Solar B 


77-81 


6867 


Cadmium 


13003 , 


6085 


Lithium 


80-78 


6706 


Hydrogen 


141-76 


4861 


Hydrogen 


83-71 


6562 


Cadmium 


152-83 


4677 


Cadmium 


86-25 


6438 


Strontium 


157-60 


4607 


Zinc 


88-00 


6361 


Iron 


174-28 


4383 


Lithium 


94-15 


6102 


»» 


180-80 


4307 


Sodium 


100-00 


5892 


Calcium 


188-25 


4226 


Copper 


103-?5 


.5781 


Indium . . 


200-83 


4101 


»> 


105-90 


5700 


Calciun;! 


216-33 


3968 


Lead 


109-00 


5607 


>» 


220-76 


3933 


Silver 


114-00 


6464 









The curves of the figure illustrating this report are drawn from the 
same data. 

The different methods of measuring the positions of the lines of a 
spectrum may conveniently be put into two groups, which may be called 
methods of consecutive coincidences, and methods of simultaneous coinci- 
dences. The chief plans empleyed are the following : — 

. * Consecutive Coincidences.' 

(1) The graduated arc and vernier. 

(2) The tangent-screw micrometer. 
(S) The bright line micrometer. 

* Simultaneous Coincidences.* 
(4j) The reflected scale. 

(5) The double-wire micrometer eyepiece. 

(6) The divided-lens micrometer. 

(7) The photographic method. 

It is not necessary to remark that some methods are more suitable for 
a small spectroscope, and others for a large one, and again, that a par- 
ticular method may be employed in one case and not in another ; for 
example, cross- wires can be employed with the solar spectrum or with any 
spectrum of sufficient brightness, while they are useless with very faint 
spectra. 

A favourite plan with the opticians is that of the divided arc and 
vernier, in which the telescope carries cross-wires, the intersection of 
which is brought to coincidence first with one line, then with a second. 
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and so on. This of course is a method of * consecatiYe coincidences,' and 
it is a necessary condition of obtaining correct results that the collimator 
and slit shall remain rigidly in the same position and that the cross- wires 
of the telescope and the vernier shall retain the same relative position 
during the motion from one lino to another. These conditions are attended 
to in the massive construction adopted by Steinheil and some other con- 
tinental makers, but are fatally disregarded when the instrument is 
constructed of slender metal, and when the collimator and observing 
telescope, instead of being firmly grasped at the centre of gravity, are 
merely screwed by one end into a slender upright of brass, further 
weakened at the most important point by being attenuated into some 
(so-called) ornamental shape. Certain precautions must be observed in 
the use of a spectroscope with cross- wires to obtain good results. The 
eyepiece should first be removed and so adjusted that on looking through 
it at a sheet of white paper, the cross- wires are seen in sharp focus, then 
replacing the eyepiece in the observing telescope removed from the 
spectroscope, the telescope should be exactly focussed on a distant object. 
Having replaced the telescope in the instrument, the eollimator should 
then be adjusted till some lines in the green — say h in the solar spectrum — 
are in accurate focus. The instrument is then in adjustment.^ When 
used on the red or blue portion of the spectrum, the focus may be adjusted 
with the observing telescope, but the collimator should not be altered. 

It is necessary that the ray to be measured should be in exact focus 
together with the cross- wires. If this is not the case, the ray will alter 
its position slightly with reference to the cross-wires, if the eye be 
slightly moved. The adjustment may therefore be tested by moving the eye 
slightly and observing whether the ray and the cross-wires move together. 
There is also a slight movement of the rays consequent on lateral shifting 
of the source of light ; this is less the narrower the slit is, and the more 
distant the source of Hght is. 

Some instruments are provided with a tangent-screw micrometer,— 
that is, a long screw, the head of which is divided into a hundred 
equal parts, by means of which a slow motion can be given to the observ- 
ing telescope, and the number of turns of the screws, and parts of a turn 
necessary to carry the cross-wires from one line to another, is noted. 

In the bright-line micrometer' the image of a fine slit in a brass 
plate is seen by reflexion at the first surface of the prism, and so is super- 
posed upon the spectrum ; the plate and slit have a slow motion given by 
a micrometer screw. This form of micrometer is specially useful with 
very faint spectra, when cross-wires would be useless. In observing 
with cross- wires a luminous spectrum the lines of which are faint, it is 
necessary to admit a certain amount of light into the observing telescope, 
sufficient to illuminate the wires (conveniently by raising an edge of the 
cloth used to cover up the prisms). This general light renders very faint 
lines invisible. In all these methods of consecutive coincidences it is neces- 
sary that no shifting of the parts of the instrument by bending or shaking, 
nor any disturbance of the position of the source of light, nor of the exact 

* For a different method of adjusting the collimator of a spectroscope, see a paper 
by Dr. Schnster, PhU. Mag, [6] vii. 96. 
' Microioapieal Jowmaly January 1870. 
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position of the eye, sHonld take place doling the passage of the cross- 
wires from one line to the next. In the methods of ' simnltaneons coin- 
cidences ' all these sources of error are avoided by observing at the same 
instant two lines — one a known line, nsed as a reference line, and the 
other the line to be measured. 

The method of the reflected photographed scale, already described at 
some length, may be employed as a method of simnltaneons coincidences, 
and so made more exact if, when the reading of any line is noted, care 
be taken to observe that the sodinm-line is still exactly at 50 ; or if the 
Bodinm-line is not in the field, then that some other line nsed as reference 
line is exactly in its right position at the moment of observation. 

The most accurate measuring instrument for use with large spectro- 
scopes is the.bifilar micrometer eyepiece. This is an eyepiece similar 
to diose employed for astronomical purposes, provided with two crosses of 
fine spider-Hnes in the focus of the eyepiece, which must therefore be of 
the Eamsden construction. One of these cross-wires remains fixed ; the 
other is moved by means of a micrometer screw. The interval between 
the line to be measured and a line of known wave-length can thus be 
determined with great precision. In taking an observation, a slight 
motion is given to the fixed cross- wires by means of the slow motion or 
tangent screw of the observing telescope, the micrometer screw of the 
eyepiece being at the same time adjusted by the other hand, till the 
observer is satisfied that each line is truly coincident with the intersec- 
tion of the corresponding spider- lines. 

Another device for measuring the interval between two lines, quite 
equal in accuracy to the bifilar micrometer, is that of the divided-lens 
micrometer.^ In* this instrument the micrometer screw moves one- 
half of a lens placed just in front of the prisms, and divided along a 
horizontal diameter. The effect is to cause one-half of the spectrum to 
move along under the other half, and the sodium or any other conve- 
nient line is used as a substitute for the cross-wires, and is brought into 
coincidence with each of the lines to be measured. It will be seen that 
the necessity of admitting extraneous light to illuminate cross-wires is 
avoided, and this instrument can therefore be used in faint spectra with 
precision. 

The photographic method is, of course, a method of simultaneous 
coincidences, inasmuch as the positions of the known lines which are 
employed as reference lines are recorded at the same instant as those of 
the unknown lines. 

The bifilar or the divided-lens micrometer may have fitted to it a 
device for mapping the spectrum at the same time that the positions of 
the lines are measured. For this purpose the steel rod on which the 
screw of the micrometer is cut is made about three times as long, and the 
extra length has cut on it a much coarser thread. On this there travels 
a little brass piece carrving a steel point, with which a trace can be made 
on a slip of blackened glass. We thus obtain a mark on the blackened 
strip of glass corresponding to each line of the spectrum. The map so 
made has the defect of representing all lines, whether intense or weak, 
exactly alike ; but it would be easy to alter it, so as to limit at pleasure 

> Phil Mag, August 1876. Proc, Phytioal Society ^ vol. i. p. 160. 
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the length of stroke of the tracing point. A bnght line wonld then be 
denoted bj a long trace, and a weak line hj a short one. The same 
instrument might easily be made available for measuring the positions of 
the lines in the photograph of a spectrum, since, of course, to take a 
photograph of a mass of lines in a spectrum is not to have measured the 
wave-length of these Knes, or to have determined their chemical origin. 

Another instrument — ^very useful in measuring photographed spectra, 
or in drawing maps of spectra from measurements — is Beckley's spectro- 
graph. This consists . of a brass cylinder, on which the photograph is 
stretched, and the edge of the cylinder is graduated and provided with a 
vernier. There is also a straight edge, which can be brought down upon 
the photograph parallel to the lines of the spectrum. Each line in suc- 
cession is brought up to the straight edge, and the position of the cylinder 
is read off by means of the vernier. The instrument is generally gra- 
duated into degrees and minutes, but it is desirable that it should carry 
also (on the other edge) a division into millimetres, the vernier reading 
to the tenth of a millimetre. The accuracy of reading is increased by 
substituting for the straight edge a small microscope with a 3.inch ob- 
jective, and with cross- wires in the eyepiece. 

We have already remarked the necessity of reducing the numbers — 
by whatever instrument obtained — to a uniform scale. 

The scale to be employed must be applicable to all spectroscopes 
alike, and must be independent of the peculiar construction of the instru- 
ment — the number, position, and refracting angle of the prisms, the 
dispersive power of the material of which they are made, of variations in 
the temperature, and of all other disturbing causes. It is clear that in 
such a method each line can be mapped only by means of its colour, that 
is to say, by the length of the wave of light by which it is produced ; 
and a spectrum so represented must be such a one as is produced by dif" 
fraction, and not by dispersion. Dispersion-spectra obtained by the use 
of prisms of different materials vary greatly in the relative breadth of 
the colours, so that in mapping a spectrum it is by no means sufficient 
to give the positions of only two or three lines as points of reference. 
Many otherwise valuable observations of spectra are entirely useless from 
the insufficient number of reference lines observed. 

Three spectroscopes (each with a single prism and reflected scale), 
constructed by Duboscq and intended to be exactly alike, differed as shown 
in the following table. The numbers show the difficulty of constructing 
two instruments with exactly similar scales : — 



Lines obsen^ed 




Spectroscope ^ 






No. 1 


No. 2 


No. 3 


Potassium , 


65-6 


64-0 


680 


Lithium 


80-8 


800 


81-6 


Sodium 


1000 


1000 


1000 


Thallium 


118-4 


1190 


117-6 


Strontium . 


157-6 


1600 


152-5 


Bubidium 


189-9 


1950 


] 83-0 


Potassium . 


207-4 


2140 


198-0 



In a dijffrcuitum'SpeoiTum, the position of the lines is dependent solely 

* Spectres Lumineux, p. 4. 
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on their colour, and is precisely the same by whatever method the spec- 
hmm is obtained. 

The following table shows the relative positions occupied bj the 
Fraunbofer lines B D E F O in dispersion-spectra, produced by prisms of 
60° of crown glass, of flint glass, and of carbon disulphide, with which are 
compared the positions of the same lines in a spectrum produced by 
diffraction. The interval between B and G is in each case divided into 
1,000 equal parts. 







Dispersion 


Carbon 


Diffraction 




Crown Glass 


Flint Glass 


Disulphide 




B . 
















D . 


. 236 




220 


194 


881 


E . 


. 451 




434 


400 


624 


F . 


. 644 




626 


690 


784 


G . 


. 1000 




. 1000 


. 1000 


. 1000 



It will be noticed that the blue end of the spectrum is more compressed 
in the diffraction-spectrum than in any of the dispersion-spectra, and the 
red end is correspondingly leogthened out. 

In order that the results obtained by different observers may be com- 
parable, either the spectra must be obtained directly by the method of 
diffraction, or the results obtained with the prism must be reduced to wave^ 
lengths. 

The admirable determinations of the wave-lengths of the chief solar 
lines which we owe to Angstrom, will of course form the basis of the 
reduction to wave-lengths, or when more convenient the measurements 
based upon them of the bright lines of metallic spectra made by Thalen. 
In the choice of reference-lines regard will of course be had to the accuracy 
of the measurements, since the wave-lengths of all lines are not known 
with equal accuracy. 

If the wave-lengths are to be determined accurately to five figures, 
it is desirable to use as reference lines those only which are found in 
Angstrom's map, or in the B. A. map of oscillation-frequencies. 

The wave-length of the line to be measured may be calculated from 
those of two known lines between which it falls by means of the formula : 



X 2 



^8 — ^1 



n^ — ^1 i ^a ~t?a 

A3 Ai 



where n^ and n^ are the readings on the scale of the spectroscope of 
the two known lines, As and X^ their wave-lengths, n^ the reading of the 
line to be measured, and X^ its wave-length. It is desirable thalTthe two 
known lines should be as close to the one to be measured as possible ; 
when sufficiently close the above formula gives the same result as a simple 
proportion. 

To give an idea of the accuracy of the results obtainable by use of the 
above formula we may suppose the problem to be to determine the wave- 
length of a certain strontium line from the wave-lengths of the following 
three pairs of lines between which it lies. The actual wave-length of the 
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line in question, as given by Thalen (corrected), is 6533'64. The scale- 
readings are KirchboflTs : — 

Case 1. n^ » 1274*2 X, => 5634*21 Here the formula and simple pro- 

Wj ^ 1274-7 portion both give Aj = 6533-60. 

w, * 1276-2 A, « 6531*77 

Case 2. n, « 1268*0 \^ » 554210 The formula gives 5534 00, and a 

n^*^ 1274*7 simple proportion gives 6534-01. 

n^ » 1281-3 A, « 5526-05 

Case 3. », = 1242-6 A, « 5671*82 Here the formula gives 5533*82, 

9^2 "■ 1274*7 and a simple proportion 

w, « 1306*7 A, » 5496*74 6534*22. 

Bat a far more convenient plan, and one quite eqnal to tbe above in 
accaracj, is that of grajphical interpolation^ which has also the great 
advantage of enabling us to detect at once any reading inconsistent with 
the rest, so giving the best mean result of all the observations. 

A scale of wave-lengths is marked off along one edge of a sheet of 
paper ruled into squares (inches and tenths or millimetres), and the edge 
at right angles to this has a scale marked on it corresponding to the scale 
of the instrument. The positions of as many lines as can be ascertained 
with precision are mapped on the paper, and a smooth curve is then 
drawn through all these points, or through as many as possible, and 
having the rest as near the curves as possible, and as many above as 
below. In this way one observation is corrected by another, and the 
curve is more likely to give correct results than an irregular line made up 
of many straight portions which would pass through all of the points. 
The position of a line to be measured being found on the carve, will have 
opposite to it the wave-length sought. Various devices may be employed to 
facilitate the drawing of the curve. A smooth thin steel rule, which can 
be bent by the hands into the curve required, will be found useful. It 
requires, however, the co-operation of two persons — one to hold the rule 
down on the paper (stretched on a drawing-board), and the other to rule 
the curve with a finely pointed hard pencil. The author of this report 
employs a little drawing instrument consisting of a steel bar, moanted on 
a brass base which rests on the paper. By means of clamping-screws tbe 
steel bar can be held bent in the required curve, whether of equal curvature 
throughout its length, or more curved in one part than another. 

A somewhat different method of procedure is described in a paper by 
Mr. Wm. Dodgson in the sixth volume of the third series of the * Memoirs 
of the Literary and Philosophical Society of Manchester.' 

The best paper for the purpose is a paper ruled into millimetres and 
centimetres made in rolls 69 centimetres broad, which may be obtained 
throagh Messrs. Williams and Norgate, 14, Henrietta Street, Co vent 
Garden, or a somewhat similar paper to be obtained from Messrs. 
Lechertier, Barbe and Co., of 60^ Begent Street. These papers are more 
uniform and free from shrinkage than any others. Another paper also 
ruled in millimetres, in sheets 1 metre by / decimetres, is to be obtained 
from C. Dupressoir, Rue St. Honore, 175, Paris. A paper, ruled in inches 
and tenths, 24 inches by 15 inches, is to be obtained from Waterlow and 
Sons, 60 and 61, London Wall, but it is hardly uniform enough for the 
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jmrfotte^ Hf^me tnmble ezpmded in drmwiDg a good carve will be rery 
well repftid, Tbe Hue obUubed in tlus waj will genenllj be rerj much 
eorredy boi the lem cnrred it is tbe more oiailj is it drawn and tbe more 
exaetlj esn it be empkjed. A leas cnrred line is obtained bj nang tbe 
rd^jTipTOcals of tbe wsTe-lengtbs instead of the wsTe-iengtbs themsetres.' 
Tbe sAofftkfa Cfi this wale of inrerae waTe-lengtbs or of oaeiUation- 
frerineneies Is stnmglj reoofumended by a Committee of tbe British 
AitiociaiioD, voder whose superintendence a catalogne ^ of oscillation, 
freqaencies and a corresponding nu4> of tbe Fimnnbofer Knes bare been 
jartfpeired^ It is hoped thai this catalogue wiU be extended to tbe bright 
lines of metals not present in the sun's atmosphere. 

Tbe map of osciUation-frequencies is intennediate between a difl&actum- 
spectrum and a dispersion-niectrum, the red end being less extended when 
compared with tbe blue end than in Angstrom's map, and more extended 
than in Ktrchhoirs, A map drawn to waye-lengths is too much dis- 
torted to be adrantageonslj employed with a dispersion-spectrosoope, and, 
on the other hand, a spectrum mapped with a dispersion-spectroscope 
does not snfficientlj resemble the same spectrum seen with a diffraction- 
spectroscope ; but a map of oscillation-frequencies, being intermediate 
between the two, is not so different from either but that it is suitable for 
use both with diffraction-spectroscopes and with disperBion-spectroscopes. 
Further rajs which are harmonieallj related are represented in the map 
of oflknllation-freqneocies by equidistant lines and in the catalogue by an 
arithmetic series whose common difference is equal to its first term. The 
map accompanying this report shows the scale of a one-prism spectroscope 
reduced both to wave-lengths and to oscillation-frequencies. It will be 
seen that the second line is much less curved than the first. 

* If iho Mua/rflM of the reciprocals be employed the interpolation carve will be 
ytury noariy (but only Tiearly) a straight line. 

^ JJrltUh Aniooiation Meport, 18 78, Dublin Meeting. 
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Spark Spectmm or Elementary Line Spectmm 


Intensity 

and 
Character 




Lecoq de 

Boisbaudran 

a 


Huggins 
b 


Kirchhoff 
c 


Thal^n 
d 


Hartley 
and Adeney 

e 


Osc Freq. 


6606 


6602N 


66031 


6602*3 




4s 


UUled 


6560H 


6562H 


65621 


65621 




7s 


162350^ 


6482 


6482N 


6479-9 


6479-8 




5s 


16428^ 


6171 


6171NO 


61711 


6170-7 




5s 


162000^ 




6950N 


5949-6 


6949-2 




4s 


16803<T^ 


85S35 


r6942N 
\6930N 


59402 


6941-6 




lOn 


16S27od 


5931-9 


69321 




lOn 


16S5Sed 




5926N 


6929-2 


5929-6 




4s 


168600^ 




5768N 




5767-1 




4s 


l7dMd 




5746N 




6745-1 




4s 


17401<f 




5726N 








Is 


17«9* 


6711 


5709N 


6710-8 


67111 




4s 


17605<J<f 




6686N 


5685-6 


5685*6 




4s 


17583ed 


r6685 


6680N 


5678-1 


6678-1 




lOn 


neoecd 


^1 


6676N 


5674-6 


6674-6 




6s 


176i7cd 


L5666 


6668N 


6666-6 


5666*1 




lOn 


17643tf<^ 




6550N 




6649-1 




48 


18016^ 




5541N 




6641*1 




6s 


18042^ 


5534 


6634N 




6534-1 




8n 


1806&; 




6528N 




5530-1 




6s 


18078<f 




6524K 








Is 


18098^ 


6492 


5495N 




6496-1 




7n 


18193^ 




5479N 




54791 




6s 


18246^ 




5462N 




5461*6 




4s 


18304^ 


6454 


6453N 




54531 




3s 


18333^ 




6350N 




5351*1 




2s 


18682<; 




6338N 




6339-6 




2s 


18723<; 




6319N 




53201 




2s 


18791^ 




6205O 








Is 


19207* 



B 



AiB — oontinued. 





Spark Spectrun 


1 or Elementary 


Line Spectram 




nteneity 

and 
haracter 


Obc. Freq. 


Lecoq de 
Boisbaudran 


Hu<j:gin8 


Kirchhoff 


ThaMn 


Hartley 
and Adeney 


a 


6 


c 


d 


e 


HH O 






6190O 




6189-6 




4s 


1926&2 


75177 


r5179N 
\5176N 




5184-6 




6n 


19282<2 




6178-1 


' 


4s 


19307<« 




5172N 




6172-1 




2s 


19329^ 




61630 






• 


4s 


19863» 




6071N 








2s 


19714* 


6044 


6045N 


6043*8 


6045-1 




8s 


l9S19od 




5024N 




502&1 




8s 


19894^ 




5016N 




50161 




6s 


19930^ 




6010N 




50102 




6s 


19953^ 




5007N 




6006-7 




4s 


19967^2 


05003 


/5003N 
\4999N 


6004-6 


5005-2 




lOn 


ld97icd 


6000-6 


6002-2 




lOn 


19988^^ 




4993N 




4993-7 




6s 


20019^ 




4986N 




4987-2 




6s 


20045/2 




49530 








8s 


20184* 


4941 


49430 
4831N 




4941-2 




3n 
Is 


20232^ 
20274J 




49250 




4924-6 




4s 


20300^ 




4907O 




49061 




4s 


20377/2 




4895N 




4895-6 




4s 


20420/2 




48920 








48 


20485* 




4880N 








Is 


20486* 




48720 








Ss 


20520* 




4866N 








Is 


20545* 




4858N 






« 


4s 


20579* 




48530 








2s 


20600* 




4849N 








4s 


20617* 


4805 


4804N 




4803-1 




8s 


20814/2 


4788 


4788N 




4788-1 




83 


20879/2 




4781N 




4779-1 
47122 




lOs 
4s 


20918/2 
21216/2 


4706 


4705O 




4706-7 




7s 


21240/2 




^6990 




4698-2 




8s 


21278/2 




46770 




4676-2 


4674-2 


8s 


2nSSde 




46620 




4661-7 


4660-2 


8s 


21449/2d 


^ACAQ 


/ 46480 
\ 4640NO 


4648-9 


4649-2 


/ 4647-2 


6s 


21506cde 




'XUXO 


4641-4 


4642-2 


1^4641 -2 


7s 


2l6S7ode 










4640-2 




6s 


21544/2 


••^ 


4633 


4629N 
4621N 


4629-8 
4620-7 


4630-7 
4621-2 


46289 
4619-9 


38 

5s 


2l59Sod€ 
216iOcde 






4613N 


4612-8 


4613-2 


4612-3 


5s 


21672cde 




AaaK 


r4608N 
\4600N 


4606-6 


4606-7 


4605-6 


6s 


2110Zcde 


^'ZUUU 


4601-0 


4601-2 


46001 


6s 


2n29cde 




45960 




4596-1 


4595-0 


4s 


21764/2^ 




45880 




4590-6 


4589-3 


4s 


21786/2^ 




4553N 






4553-2 
4543-4 
4530-1 


2b 
2s 
8b 


21956/? 
22003/? 
22068/? 




4633 \ T^ 






4523-0 


2n 


221030 


■ 


4506 J ^ 






4513-7 
4506-6 


8s 
8s 


22148/? 
22183/? 




4496N 








Is 


22236* 




4490N 








Is 


22265* 






|4477N 






44766 


3s 


22332/? 



AiB — continv^d. 



Spark Spectrum or Elementary Line Spectnim 


Im 

^ " 




Lecoq de 
Boisbaudran 


Huggins 


Kirchhofif 


TbaMn 


Hartley 
and Adeney 


^ 5 § 
a> «s 08 


Osc Freq. 


a 


b 


c 


d 


e 


^ ^ 






44670 






4466-1 
4468-7 


3b 
3s 


223840 
224220 


r4449 


4448N 


4446-3 


4446-6 


44460 


7s 


22iSicde 


J 4434 


44371 jj 
4422 / ^ 




44321 


r4432-6 
\ 4425-9 


3b 
3n 


225530 

225880 


I4417 


/44160 
\ 44140 




4418-1 


4415-5 


6s 


22634^0 




4414-1 


4413-6 


6s 


22649<f0 










r 4402-6 
\ 4394-9 


2s 


227070 




4398N 




»« 


3s 


227470 










43863 


Is 


227910 










43780 


3s 


228350 




43640 




43681 


4365-8 
4356-4 


Ss 
In 


22893^ 
229480 








4360-5 


4350-5 


4s 


22979de 


4347 


43470N 




4347-5 


4348-2 


6s 


22993^ 








4346-0 


4343-9 


4s 


22998<f0 








43330 


4335-9 

4330-8 

/ 4326-9 

\ 4324-6 


4s 
2s 
2s 


23075^0 

230830 

231050 






- 




2s 


231170 


4318 


43180 




/43190 
\43165 


/ 4318-7 
\4316-2 
/ 4306 9 
\ 43020 


€3 

6s 
2n 


23USde 
23161^ 
232120 










2n 


232380 










42900 


2n 


233030 




42780 






/ 4276-3 
\4274-3 


2n 


233830 










Is 


233880 










/ 4265-4 
\ 4253-4 


In 


234370 










2s 


235030 


4240 


4238N 






f 4240-6 
< 4236-4 


6n 
6n 


235740 
235980 








42300 


. L 4228 9 
4222-6 
4216-6 


6n 
2n 
2n 


23637^ 

236750 

237090 




4206N 






/ 4206-3 
\ 4197-9 


2n 


237660 








2n 


238140 




41900 




41895 


/4189-3 
\4186-1 


6s 


23862^ 




41830 




4184*5 


6s 


23888^0 




4170N 






r41768 
\4169-2 


4n 
4n 


239350 
239780 








41660 


4157-9 


In 


24052^0 




41490 




4149-0 


4152-7 


3s 


24086/20 




r4142N 
\4130N 




41370 


f 4145-4 
\4132-5 


5s 
6s 


241160 
241910 








41230 


/ 4123-7 
\41190 


4s 


242430 




41170 






5s 


242710 










4110-9? 


2s 


2431 80 




4101N 






r4104-3 - 
\ 4102-6 


5s 
5s 


243590 
243680 




4094N 






4096-5 
4092-6 
4084-8 


68 

Is 
2s 


244040 
244270 
244740 








4075-6 


4075-1 


6s 


2453^^ 




4073O 




40740 




6n 


24549<^ 








4071-5 


4071-4 


6s 


2i55ide 



B2 



AlB — continued. 



Spark Spectrum or filementaiy Line Spectmm 



Lecoq de 
BoiBbaudran 



Huggins 
h 



Kirchhoff 



Thal^n 
d 



40690 



4038N 



4000N 



4069-6 



40401 



39961 



Hartley 
and Adeney 



4069-2 
/ 4063-6 
\ 4067-2 
4041-7 
4034-4 
4026-3 
3994-6 
39886 
3983-0 
3972-5 
3967-3 
3964-8 

{3944-6 
3939-2 
3932-9 
3929*0 
3918-6 
3911-7 
3892-4 
3881-9 
3868-8 
3866-2 
38600 
/ 3841-7 
1 3839-3 
3831-0 
38040 
3791-6 
37821 
3771-6 
3769-4 
3763-7 
87490 
3739-7 
8726-6 
3712-2 
36390 
f 3613-6 
1 3609 

{36960 
3689-6 
3683 4 
36760 
3660 3 
3660-3 ? 
3646-2 
36143 
36090? 
3490-7 
34781 
3471-2 
34661 
3448-2 
34370 
34080 



5 c 



Osc. Freq, 



68 


24567^20 


Is 


24602^ 


Is 


24639^ 


6n 


24740^ 


4n 


2i77de 


28 


24835^ 


68 


25025de 


Is 


260646 


2s 


26099^ 


6s 


26165<f 


2s 


26198d 


68 


262780 


2n 


263440 


4ii 


263780 


In 


254260 


In 


264440 


63 


266120 


48 


256670 


Is 


266830 


4s 


257530 


2s 


268730 


3n 


269220 


2fl 


259610 


2n 


26022 


4n 


26038 


4s 


26095 


28 


26281 


2s 


26373 


28 


26433 


2s 


26506 


28 


26592 


28 


26632 


68 


26666 


Is 


26732 


6s 


26826 


68 


26930 


2s 


27472 


28 


27664 


3s 


27700 


3s 


27808 


ds 


27850 


3s 


27898 


38 


27956 


3n 


28079 


In 


28155 


3n 


28198 


Is 


28454 


Is 


28489 


3s 


28639 


2s 


28742 


3s 


28799 


Is 


28926 


Is 


28992 


6s 


29087 


5s 


29334 



Aitt — eontimied. 



Spark Spectrum 






Spark Spectrum 






or Elementary 
Line Spectrum 


Intensity 

and 
Character 


Osc. Freq. 


or Elementary 
Line Spectrum 


Intensity 

and 
Character 


Osc. Freq. 






Hartley and Adeney 

e 






Hartley and Adeney 
e 






3389-9 


5s 


29491 


/ 2884-5 
\ 2880-3 


2s 


34667 


3376-9 


4s 


29664 


2s 


34708 


3373-6 


2s - 


29633 


/ 2823-1 
\ 2799-5 


3n 


35411 


3370-3 


2s 


29662 


2s 


35709 


3366-7 


5s 


29694 


2748-8 


Is 


36368 


3366-7 


5s 


29703 


2733-2 


2s 


36575 


3353 7 


5s 


29809 


27100 


2n 


36890 


3342-7 


In 


29907 


/ 2598-4 
\ 2591-8 


Is 


38473 


3331-2 


6s 


30010 


2s 


38671 


33293 


6s 


30027 


25800 


2s 


38748 


3324-7 


2s 


30069 


26221 


3n 


39637 


33201 


3s 


30110 


2478-1 


4s 


40340 


3313-3 


Is 


30172 


2463 


In 


40688 


3307-1 


Is 


30229 


2453-8 


2s 


40739 


3301-1 


Is 


30284 


2445-2 


5s 


40883 


3289-9 


2n 


30387 


2433-6 


5s 


41078 


3274-2 


2n 


30533 


2423-8 


3n 


41244 


3265-2 


3s 


30617 


2418-6 


2s 


41333 


3259-9 


3s 


30666 


2416-2 


Is 


41374 


3219-7 


Is 


31049 


2411-7 


Is 


41450 


3157 5 


Is 


31660 


2407-7 


Is 


41519 


3139-3 


5s 


31844 


2398-3 


Is 


41683 


3134-2 


5s 


31896 


2390-7 


Is 


41814 


3122-4 


Is 


32016 


2332-2 


In 


42866 


3058-5 


Is 


32686 


23181 


5n- 


43126 


/ 3046-4 
\ 3042-5 


2s 


32816 


2304-4 


Is 


43382 


Is 


32858 


2301-8 


2s 


43431 


30350 


2s 


329B9 


2298-0 


2s 


43603 


/ 30241 
\ 3016-1 


3s 


33058 


2294-2 


2s 


43675 


2s 


33146 


2291-0 


Is 


43636 


3007-0 


6s 


33246 


2289-3 


Is 


43668 


r29828 
\ 2959-5 


3s 


33515 


2250-2 


In 


44427 


2s 


33779 


2186-0 


In 


45731 



Note. — All the air-lines are continuous. 



Aluminium. 



Kirchhoff, * Abh. Konigl. Akad. Berlin/ 1861. 

Wttllner, • Festschrift Bonn,* 1668. 

Thal6n, * Nova Acta Reg. Soc. So. Upsal ' (III.) vi. 1868. 

Lecoq de Boisbaudran, * Spectres Lumineux/ Paris, 1874. 

Lockyer, * Phil. Trans.' clxiii. 369, 1873. 

Liveing and Dewar, • Proc. Roy. Soc.* xxviii. 367 ; * Phil. Trans.' dxxiv. 230, 1883. 

Comu, * Spectre normal du Soleil,* Paris, 1881 ; • Arch, dee Sc. Geneve,' July 16, 1879. 

Hartley and Adeney, *Pbil. Trans.' clxxv. 101, 1884. 

Becquerel, ' Compt. Rend.' zcvi. 1218 ; xcvii. 72. 





I. Spark Spectrum 


n. 

Arc Spectrum 


Intensity 
and Character 


Osc. Freq. 






Lecoq de 
Boittbaudran 


ThaMn 


Kircbhoff 


Coma 


Liveing 
and Dewar 


1. 


! 
IL 




a 


b 


e 


d 


6 














t6371-3 








6sd 




15691& 








t6344-8 








6sd 




15756& 






6244 


♦6244'2(») 


6244-6 




(6244-2) 


8nc 




leoiobc 






6233 


•6234-2(») 
♦57226a) 
♦5695-6a) 


62B3-8 
67223 
6696-1 




(6234-2) 


8nc 
lOsc 
lOsc 




16O36&0 
17470J^ 
I7553bc 






6591 


♦6592-7a) 
•5056-6(1) 








4nc 
lOnc 




17876* 
19770J 






Bands 

of 
Oxide 


•4662-2(1) 
♦4529-6(1) 


4662-1 






lOnc 
6nc 




2l4A3bc 
21594* 






Hartley 
and Adeney 








♦4511-ia) 


45110 






6sd 




22161*c 






« 


*4478-6(») 


4477 2 
44452 






6sd 
6sd 




22S25bc 
22489c 






3962 


13961-1(4) 


; 3960-9 


3960-5 


(3961-1) 


9sc 


r 


25240*^ 






3943 


{3943-1(4) 


\ 3943-4 

/ 3713-4 
\ 3701-6 


3943-2 


(3943-1) 


9sc 
6sd 


r 


25S52bcd 
269210 






Liveing 








and Dewar 






68d 




27007d 








3605 


f 3612-6 






9sd 




27672<T 








3598 


i 3601 2 






9sd 




27760J 








3585 


L3584-4 






9sd 




27890^ 










r 3091-9 
1 3081-2 


3091-6 


3091-5 


9sc 


r 


32335<;^6' 










3080-6 


3080-5 


9sc 


r 


'd2i50ode 










/3065-0 
\ 3062-8 






5sd 




32617<J 














5sd 




326400 










f 3058-5 

i 3056-4 

L 3053-6 






5sd 




32686<7 














6sd 




32711c 














5sd 




327380 










30492 






5sd 




327860 










2879-9 




- 


5sc 




347IO0 










2815-3 






9sd 




35509O 










r 2659 3 
12651-2 




2659-8 


5sd 


8r 


37589CO 












2652-0 


5sd 


8r 


3770200 










2630-6 






9nd 




38003O 










f 2574-1 




25745 


7sd 


8r 


3883300 










\ 2566-9 




2567-5 
2378-4 


7sd 


8r 
8 


3914100 
42031* 




I 




r23733 

2372 

^ 2370-0 




2373-2 


7nd 


lOr 


4212200 














7nd 




421440 








1 

I 






4sd 




42I8O0 








1 




2.S67-2 




2366-9 


4sd 


8 


4223300 




1 








I 2364-5 






7nd 




422780 





Aluminium ^continued. 



I. Spark Spectram 


XL 

Arc Spectrum 


Intensity 
I and Character 


Oac. Freq. 


Le oq de 
Boisbaudran 


Thal^n 


Kirchhoff 


Coma 


Liveing 
and Dewar 


I. 


II. 


a 


b 


c 


d 


e 
















2268-7 




8n 


44063^ 










22631 




8n 


44172« 










2257-3 




8n 


44287<^ 










2216-0 






45112^ 










22100 




8n 


45234^^ 








2024-2 
1988-1 
1933-6 
1928-7 
1860-2 
1852 2 


22050 




n 


i5U7e 

49385<; 

50284^; 

51704rf . 

51833<^ 

53740^ 

53973/i 



♦ Observed also by Lockyer. 

t Not identified by Lockyer ; the 'indioes' attached to these numbers represent the comparatiye lengths 
of the lines as given by Lockyer. t 39606 and 3943*0 Lockyer. 

NOTa.— Becquerel has observed infra-red bands in the Arc Spectram of Alamininm at 11280 and 13616. 



Antimony. 

KirchboflF, * Berlin. Akad.* 1861. 

Huggins, * Phil. Trans.* 1864, p. 139. 

Thal6n, * Nova Acta Soc. Upsal * (III.) vi. 1868. 

Lockyer, «Pbil. Trans.' clxiii. 369, 1873. 

Liveing and Dewar, *Phil. Trans.* clxxiv. 221, 1883. 

Hartley and Adeney, * Phil. Trans.' clxxv. 126, 1884. 



I 
1 


I. Spark Spectrum 




IL 
Arc Spectrum 


Intensity 
and Character 


Osc. Freq. 


Huggins 


Thal^n 


Kirchhoff 


Liveing 
and Dewar 


L 


IL 


a 


b 


c 


d 








7020 








6 




14241a 


6840 








2 




14616a 


6803 








5 




14705a 


6780 








5 




14746a 


6742 








1 




14828a 


6712 








2 




14894a 


6645 








2 




15(H4a 


6513 








2 




15349a 


6500 








2 




15380a 


6461 








2 




15473a 


6392 








4 




15640a 


6320 








2 




15818a 


6301 


t6301-8W 


6302-1 




8sd 




15863ftj 


6283 








4 




15911a 


6243 


t6244-7W 


6243-9 




48a 




IQOlObo 


6204 


t6209-2t«) 






4sd 




16100ft 


6189 


t6l93-5(») 






4sd 




16141& 


6153 


t6165-2W 






4sd 




162426 



8 



AvTiuoiXY—oantiHueiF. 



I. Spark Spectrum 


II. 
Arc Spectmm 


Intensity 
and Character 


Osc. Freq. 




Huggins 


Thal^ 


Kirchhoff 


Liyeing 
and Dewar 


I. 


II. 




a 


b 


c 


d 










6125 


t*6128-7(*> 


6128-5 




lOsc 




16312^0 




6076 


t*6078-2(<) 


6074-7 




lOsc 




16452^ 




6050 


t*6051-2W 


60506 




4sd 




16522^ 




6002 


t*6003-7W 


60027 




lOsc 




16653^ 




5982 


t5979-7W 


5976-4 




4Bd 




1672Sbe 




5920 








1 


- 


16887a 




5912 


t*5909-lW 


5907-6 




8nc 




16920frc? 




5895 


t5893-6W 


5893 6 




8nc 




169632^0 




5840 








1 




17118a 




5822 








1 




17171a 




6790 


t*5791'6W 






4nd 




17261J 




5714 








1 




17596a 




5700 








1 




17539a 




5663 








1 




17653a 




5644 








1 




17713a 




5635 


t*56381(») 


5639-8 




8nc 




17729&<? 




5629 


t*56071W 
t*5567-6W 






1 
2nd 




17757a 
17829J 




5565 


5567-1 




8nc 




17957J<J 




5460 


§♦5463-6 


5463-7 




6nc 




lS29Sho 




5392 








1 




18541a 




5379 


§♦6379-2 
§53716 






6nc 
2sd 




18585& 
18611» 




5352 


§»5352-7 






2nd 




18677* 




5238 


§♦5241-7 






6nd 




19072J 




5219 


§5208-2 






28d 




191956 




5177 


§*5 177-2 






6nd 




193106 




5139 


t^5141-2W 






4nd 




194456 




5112 


{♦5112-7») 






4nd 




195536 




5080 








Isc 




19679a 




5044 








2sc 




19820a 




5031 


t^5036lW 






2nd 




198516 




4948 


{♦4948-7W 






8nc 




202016 




4878 


{♦4877-7W 






6nd 




204956 




4832 


t4835lW 






4nd 




206766 




4787 


t*4786-lW 






4nd 




208886 




4768 
4757 








2 
2 




20967a 
21016a 






Hartley 








4735 


t4734-6(*) 


and Adeney 




4nd 




211156 




4712 


t^4711-l» 


{4714 




5nd 




212206 




4693 


t4691-2W 


4692-5 




4nd 




213076c 




4622 








Isc 




21629a 




4600 




4599-0 




38d 




21737c 




4588 


14591 -6 W 






6no 




217726 




4506 




4506-5 




3sd 




22184c 




4457 




4457-0 
4427-5 




3sd 
Ssd 




22430c 
22579c 




4376 




4375-0 




3sd 




22850c 




4349 


t4352-0(i) 


4351-5 




7ad 




229736c 








43161 




Ssd 




23163c 




4264 


t4266-0(i> 


4264-4 




68d 




234416c 




4249 








Isc 




23528a 








4218-5 ; 


3sd 




23698c 




4193 




4194-5 


1 


3sd 




23833/* 


1 



A^TiuonY—eowHfwed. 



I. Spark 


II. Arc 


Intensity 
And 




I. Spark 


II. Arc 


Intensity 

fvnd 
Character 




Spectmm 


Spectrum 


Character 


Osc. Freq. 


Spectrum 


Spectrum 


Osc Freq. 














1 


Hartley 


Livelng 








Hartley 


Liveing 








and Adeney 
c 


and Dewar 
d 


I. 


II. 




and Adeney 
c 


and Dewar 
d 


I. 


11. 




4170-0 




2sd 


239740 


30211 




5sd 




330910 


4140-2 




2sd 




24146<; 


3010-4 




68d 




332090 


4132-8 




26d 




24190c; 


2979-8 




6nd 




336490 




40320 






24795<2 


2965-2 




6nd 




337140 


4026-0 




28d 




24830(T 


2921-6 




4sd 




342170 


. 3984 9 




3sd 




25087(T 


2912-7 




6sd 




343220 


3968-4 




2sd 




25191<7 


2890-3 




6nd 




346760 


/ 39641 
\ 3960-3 




28d 




252190 


2878-3 




4sd 




347320 




28d 




252430 


2877-1 


2876-6 


7sc 




U76lcd 


3933-2 




3sd 




254170 


2861-9 




48d 




349310 


3907-5 




2sd 




256840 


2855-3 




68d 




360120 


38497 




4sd 




259680 


2849-9 




4sc 




350780 


3840-2 




4sd 




260320 


2836-0 




4sd 




353490 


38250 




2sd 




261360 


2824-7 




48C 




363910 


3771-6 




2sd 




265060 


2796-9 




4sd 




357420 


3739-0 




88d 




267370 


C2789-6 
\ 2788-5 




8nd 




358360 


3722-4 




4sc 




268560 




68d 




358490 


3720-5 




28d 




268700 


2785-3 




6sd 




358910 


36860 




6sd 




271210 


2776-7 




4sd 




360160 


3651-6 




5sd 




273770 


112768-9 




7sc 




361040 


36375 


36370 


6sc 




275850<; 


2763-2 




46d 




361780 


3629-4 




58d 




275440 


2760-8 




48d 




362100 


3597-8 




8nd 




277860 


2764-9 




4sd 




362870 


/ 3566-0 
\ 3559-1 




6nd 




280340 


2740-1 




6sd 




364830 




6nd 




280880 


2726-1 




68C 




366690 


/ 3633-7 
\ 3520-3 




68d 




282960 


2717-9 




6sc 




367740 




5»d 




283980 


2714-0 




2sd 




368360 


3504-6 




6nd 




28625c 


2702-6 




2sd 




369900 


3498-3 




6nd 




286760 


2700-2 




2sd 




370230 


3473-9 




6Dd 




287770 


2691-3 




6sc 




371460 


34590 




2sd 




289010 


2686-5 




48d 




372260 


3451 1 




2sd 




289680 


2681-7 




78C 




372790 


3425-9 




6nd 




291810 


26740 




2sd 




373860 


3414-7 




28d 




292770 


/ 2668-9 
\ 2668-3 




78C 




374570 


34031 




4sd 




293750 




7nd 




374660 


3397-9 




4sd 




294210 


2656-3 




6nd 




376350 


3382-0 




4sc 




296600 


2661-3 




78C 




377000 


3336-4 




8nd 




299630 


2631-2 




6sd 




379940 


3303-2 




6sd 




302640 


2616-3 




6sd 




382100 


r 113279-7 




48C 




304810 


2613-7 




28C 




382480 


{ 113273-0 




68C 




305440 


2611-3 




7sc 




382830 


L 3267 6 


3265-0 


68C 




306060^ 


2697-2 


2597-6 


9sc 




384890^ 


f 113246-6 
s 3240-6 
L 3231 6 




680 




307920 


2689-4 




8sd 




386070 




8nd 




308500 


2572-7 




6sc 




388570 


3230-8 


68C 




3O9390<; 


25701 




6sd 




388970 




3228-0 






30969^ 


2666-7 




6sd 




389480 


3195-6 




2sd 




31283c 


2564-6 




6nc 


389800 


3186-0 




28d 




313770 


r 2567-4 




2nd 




390900 


3167-6 




2sd 




316600 


\ 2666-6 




2i]d 




391020 


3085-2 




2sd 




324080 


2553-3 




4sc 




391530 


3039 8 




6Dd 




32887c 


2549-8 




2sd 




392060 


30290 


3028-0 


68d 




330100^ 


2542-9 




6sd 




393130 


3023-7 




48d 




330620 




2628-0 






39644^ 
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Antimony — continned. 



I. Spark 


II. Arc 


Intensity 

Anil 




I. Spark 


II. Arc 


Intensity 

find 




Spectrum 


Spectrum 


Character 


Osc Freq. 


Spectrum 


Spectrum 


Character 


Osc. Freq. 


















Hartley 


Liveing 








Hartley 


Liveing 








and Adeney 

e 


and Dewar 
d 


I. 


II. 




and Adeney 
c 


and Dewar 
d 


I. 


II. 




2627-6 




9sc 


395510 


r 2297-0 




68d 


436220 


2519-5 




Isc 




396780 


< 2294-0 




6sc 




435790 


2518-8 




4nd 




397010 


L 2288-8 




6sc 




436810 


2514-5 




4nd 




397570 


2280-8 




2sd 




438340 


2509-5 




4sc 




398360 


2278-3 




2sd 




438790 


2506-5 




6sd 




398840 


2277-1 




2sd 




439020 


2500-2 




2Dd 




399840 


2271-1 




2sd 




440180 


2490-7 




2sd 




401290 


2263-5 




6sc 




441660 


2489-2 




2sd 




401610 


/ 22480 
\ 2243-6 




6^c 




444700 


2485-7 




2sd 




402170 




6sc 




445590 


r 2480-4 
J 2479-4 




2sc 




403030 


2234-6 




2sd 




447390 




4sc 




403190 


r 2231 -3 




2sd 




448030 


1 2477-3 
L 2476-7 




6sc 




403540 


< 2230-3 




2sd 




448230 




2nd 




403630 


L 22290 




2sd 




448490 


112473-4 




28C 




404170 


2226-3 




4nc 




449030 


2470-2 




2nd 




404860 


2223-6 




2sd 




449t>O0 


2464-4 




2nd 




405640 


2221-6 




4nc 




450000 


24620 




2nd 




406040 


2218-7 




4nd 




450570 


[ 2458-8 




2nd 




406570 


2216-3 




4sd 




451060 


245^-6 




2nd 




407280 


2211-3 




28d 




462080 


f2445-7 
\ 2444-8 




2nd 




408740 


2209-0 




4nc 




452560 




6sc 




408900 


f 2203 8 




2sd 




453620 


1124380 




2sd 




410040 


<^ 2202-2 




4sc 




453950 


f 2425-7 


2426-0 


4sc 




412100^ 


L 2200-3 




2sd 




464340 


< 2423-0 




2nd 




412570 


/ 2192-6 
\2191-6 




4sd 




465940 


L2421-5 




4sc 




412830 




48d 




456140 


/ 2410-3 
\ 2408-3 




2sd 




414840 


2189-3 




2sd 




456620 




2sd 




415090 


/ 21790 
\2175-8 




6nc 




458740 


2405-3 




4nd 




415540 




6nc 




459500 


2403-8 




28d 




415870 


2170-1 




6sd 




460660 


2399-9 




2sd 




416550 


2159-4 




2sc 




462940 


2395-3 




4sd 




417340 


2156^ 




23d 




463670 


2383-2 


2383-3 


6sc 




419460^ 


2148-8 




2sd 




466220 


2374-3 




6sc 




421040 


2144-4 




4nc 




466180 


i|2370-0 




6sd 




421800 


21420 




2sc 




466700 


2361-3 




6nd 




423370 


2139-3 




4sc 




467290 


2360-7 




4sc 




423470 


2135-7 




4sd 




468070 


2353-0 




2sd 




424860 


21261 




2sd 




470200 


2350-6 




2sd 




425300 


2122-5 




2sd 




471070 


2334-2 




4nd 




428290 


21180 




2sd 




472210 


2331-8 




2nd 




428720 


2110-4 




2sd 




473690 


2329-7 




2nd 




429110 


2104-2 




28d 




475080 


2326-3 




2nd 




429920 


2096-4 




2nc 




477850 


2322-1 




2nd 




430510 


2086-3 




Isd 




479160 


2316-4 


2313-0 


4sd 


lOr 


431890<i 


2075-3 




Isd 




481690 


r2311-8 
\ 2306-8 


2310-0 


7sc 




4326O0<2 


2064-8 




4nc 




484140 




5sc 




433370 


2050-5 




2sd 




487520 










2045-3 




2sd 




488760 



• Observed also by Lecoq de Boisbaudran in the Spark Bpectrum of Antimony Chloride solution. 

t Observed also by Lockyer. % 4710-9 Kircbhoff. $ Not identified by Lockyer. || See Tellarium. 
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Absenic. 

Kirchhoff, • Berlin Akad.' 1861. 

Huggins, * Phil. Trans.* 1864, p. 139. 

Thal6n, * Nova Acta Soo. Upsal ' (III.) vi. 1868. 

Huntingdon, 'Am. J.,* 22, 214. 

Hartley and Adeney, *Pbil. Trans.' clxzv. 124, 1884. 



Spark Spectrum 


Intensity 

and 
» 'haracter 


Osc. Freq. 


Huggins 


Thal^n 


Kirchhoff 


Huntingdon 


a 


b 


c 


d 






6404 








Inc 


15611a 


6342 








Inc 


157630 


6252 








Inc 


15990a 


6164 


6169-7 


6170-0 




8sc 


16203*0 


6131 








Inc 


16306a 


6108 


6110 2 


6111-2 




8nc 


WSeObe 


6078 








2nc 


16448a 


6020 


60217 


6021-5 


6023 


4sd 


16602i^<; 








6013 


? 


16626^2 








5853 


? 


17080rf 


5839 








Inc 


17121a 








5833 


? 


17138<2 








5813 


? 


17198^ 


6781 








Inc 


17293a 








5743 


? 


17407^ 


6647 


66511 


5650-3 


5653 


8nc 


17 692bo 


5616 








Inc 


17801a 


5590 








Inc 


17884a 


5554 


65581 


5556-8 


5563 


8nc 


17dd2bc 


5495 


5498 1 


5497-6 


5498 


6nc 


ISlS^bc 


5404 








Inc 


18499a 


5384 








Inc 


18568a 


5324 


53311 


5331-8 


5323 


6nc 


lS75lbc 


5287 








Inc 


18908a 








5245 


? 


19060^ 


5229 






5230 


5nc 


\dn7ad 








5195 


? 


19244^; 


5162 






5163 


Inc 


19365a^ 


5104 






5103 


5nc 


Id5d2ad 








5013 


? 


19942^ 


4983 




* 




2nc 


20062a 








4941 


? 


20233^2 


4888 








Inc 


20452a 


4732 








Inc 


21126a 


Hartley 




4623 


XmJLXj 

? 


mm ^ A mm ^#W 

21624<^ 




and Adeney 




4593 


? 


21766^ 


4551 


45500 






3nc 


21971ft 


4537 


4538-4 






3nc 


22027* 


4497 


4494-3 




4493 


8sd 


22244* 




4474 






8sd 


22344* 


4464 


4466-3 




4463 


8sd 


22383* 




4468-7 






8sd 


22422* 




4431-0 






8sd 


22560* 




44150 






3sd 


22642* 


4369 


4368-7 






3sd 


22883* 




4349 






3sd 


22987* 


4335 


4335-2 






3sd 


23060* 




4315-2 




4313 


3sd 


23167* 
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Absenio — cantimied. 



8park Spectrum 


Intensity 

and 
Character 


Osc. Freq. 


Spark Spectmm 


Intensity 

and 
Character 


Osc. 
Freq. 


Spark Spectrum 


iten^ity 
and 
laracter 


Osc. 
Freq. 


Hartley 


Hartley 


Hartley 


and Adeney 




and Adeney 




and Adeney 


t-i Q 




4307-0 


3sd 


23211 


/ 3057-3 
\ 3062-6 


8nc 


32699 


2496-9 


38C 


40037 


4244-0 


38d 


23565 


8no 


32749 


r 2491-9 
\ 2489-1 


8sc 


40117 


4229-3 


3sd 


23637 


3032-2 


8sc 


32970 


3sd 


40146 


4207-3 


38d 


23761 


3003-2 


3sc 


33288 


/ 24641 
\24610 


3nc 


40670 


4197-7 


5sd 


23815 


2990-2 


6sc 


33436 


3nc 


40619 


4188-9 


3sd 


23866 


2981-1 


3nc 


33636 


2466-2 


8sc 


40700 


41200 


38d 


24266 


2968-7 


lOnd 


33785 


2436-9 


8sc 


41022 


4081-8 


58d 


24492 


2925-6 


3sd 


34170 


24360 


3nd 


41037 


4064-3 


38d 


24697 


2898-2 


88C 


34493 


2432-6 


3sc 


41096 


40360 


8sd 


24769 


/ 2889-1 
\ 2884-2 


38C 


34602 


2416-8 


3nd 


41382 


4007-0 


3sd 


24949 


3sc 


34661 


2403-4 


3nd 


41663 


3985-0 


2sd 


26087 


2859-7 


lOsc 


34968 


2402-6 


3nd 


41608 


3948-5 


6sd 


25318 


2843-6 


2sd 


35151 


r 23810 
\ 2370-8 
1 2369-7 


8sc 


41984 


3930-7 


6sd 


25433 


2836-9 


2sd 


36248 


8nc 


42166 


3921-6 


8sd 


26492 


2829-8 


8nc 


36324 


8nc 


42186 


3824-5 


8sd 


26139 


2788-6 


2sc 


36847 


2362-8 


3sc 


42310 


3800-7 


2sd 


26303 


f 2779-5 


lOno 


36963 


/ 23501 
\ 2344-3 


lOnc 


42537 


3784-4 


6sd 


26417 


<^ 2770-4 


2sd 


36082 


88C 


42644 


3772-0 


2sd 


26603 


L 27441 


lOsc 


36430 


2320-7 


3sc 


43077 


3671-2 


3sd 


27231 


2690-6 


2sd 


37164 


2288-9 


lOnc 


43676 


3622-4 


2sd 


27698 


2677-0 


2sd 


37344 


2279-0 


2nd 


43865 


3591-9 


3sd 


27832 


2673-8 


2sd 


37376 


2272-3 


6sc 


43996 


/ 3551-6 
\ 3545-8 


3sd 


28147 


2669-5 


28d 


37449 


2267.-5 


3sd 


44078 


3sd 


28194 


2663-5 


2sd 


37533 


22300 


6nc 


44829 


3510-8 


2sd 


28481 


2651-6 


2sd 


37703 


22070 


3sd 


45296 


3471-1 


3sd 


28800 


2630-2 


2sd 


38008 


2182-5 


3sd 


46804 


32601 


2sd 


30664 


2611-2 


2sd 


38285 


2176-8 


3sd 


45924 


3256-2 


3sd 


30701 


r 2600-8 
\2697-l 


8nc 


38438 


2165-4 


8nc 


46167 


3187-7 


2sd 


31361 


3sc 


38492 


2166-7 


8sd 


46362 


8181-7 


2sd 


31420 


2593-9 


2sc 


38540 


21478 


88d 


46644 


3125-4 


2sc 


31986 


/ 2576-0 
\ 257 1-6 


29d 


38808 


2144-5 


8nc 


46616 


r3119-2 
\ 3116-1 


8nc 


32049 


28d 


38874 


2135-2 


8nd 


46818 


8nc 


32081 


2559-5 


3sd 


39058 


2112-2 


8nd 


47328 


3107-7 


2nd 


32168 


r 2527-9 
\ 2526 


8sc 


39646 








3075-0 


6sc 


32611 


8sc 


39576 
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Barium. 

Kirchhoff, * Berl. Akad.' 1861. 

Thal6n, • Nova Acta Soc. Upsal * (III.) vl. 1868.1 

Lecoq de Boisbandran, ' Spectres Lumineux/ 1874. 

Bunsen and Kirchhoff, * Pogs:. Ann.' ex. 161. 

Bunsen, « Pogg. Ann.' civ. 366 ; * Phil. Mag.' (4) 1. 627. 

Lockyer, * Phil. Trans.' cbdii. 369, 1873 ; clxiv. 806, 1874. 

Liveing and Dewar, 'Phil. Trans.' cbmv. 216, 1883 ; « Proc. Roy. Soc,'Feb. 27, April 3, 1879. 



I. Spark Spectrum 


II. Arc Spectrum 


Intensity 
and Character 


Osc. Freq. 


Hugginp 


Thal^n 


Kirchhoff 


Lockyer 


Liveing 
and Dewar 


I. 


IL 


a 


ft 


c 


d 


e 








6889 




■ 






Isc 


14612a 


6780 








» 


Isc 




14746a 


6697 










Isc 




14928a 


6677 








6677 


Iso 




U972ae 


6589 










Isc 




16172a 


6623 


t*6626-3a) 








6sd 




16317ft 


6499 


t*6496-3W) 

t6483-3(») 

t^6449-3a) 


64960 




(6496-3) 


lOsc 
6sd 


r 


15389ftc; 
16420ft 


6452 








6sd 




15601ft 


6344 


1*6343-3(1) 








6sd 


• 


16760ft 




t*6140-8«) 


61411 






lOsc 




ie2S0bc 


6113 


• 


♦6110-1(3) 


6111 1 






6sc 




16361ft0 


6064 


< 


*6062-2(i) 


60614 






6sd 




16491ft0 


6021 


« 


♦6018-2(1) 


6018-4 






6sd 




1661 Ift^ 


5998 


• 


♦5991-7(1) 








6sd 




16686ft 


5973 


1 


♦5971-2(1) 


5968-7 






6sd 




16742fto 


5904 


t5904-7(i) 








2sd 




16931ft 


5889 










Isc 




16976a 


5850 


t*5852-6(<) 


58531 






lOsc 




nosibo 


5823 


t*5827-l(i) 

t58086(i) 

t*6803'6(i) 


5827-3 






6sd 
2sd 
2sd 




ni67bo 

17211ft 

17226ft 


5774 


t*5779-6(8) 


6780-0 






6sc 




l7297fto 


5744 










Isc 




17404a 


5538 


t*5634-3«) 


5634-2 




(5534-3) 


lOsc 


r 


18O64ft0 


5518 


t5518'5(«) 


6618-7 




(5518-6) 


4sc 


r 


ISllGbo 


5490 










Isc 




18209a 




t6425-2(8) 


5424-3 






6sc 




18427ft0 


4934 


t*4933-6(*) 
t*4899-5(*) 


4933-3 




(4533-6) 


lOnc 


r 


20263fto 


4898 


4890-2 






8nc 




20404fto 


4727 










Isc 




21149a 


4690 










Isc 




21316a 


4553 


t*4653-5(<) 

t*4524-6(<) 


46631 




(4663-1) 


lOnc 


r 


21964ft<7 


4524 


4624-4 






6sc 




22096bo 








4493-0(1) 






2n 


2225ld 








44880(1) 






2n 


2227hd 








4433-0(1) 






2 


22551^ 








4401-5(») 






4 


22713i 








436l'0(*) 






8 


22976^ 








43320W 






4 


23076<f 








§J4325-0(8) 






6 


23114^ 








43230(3) 






6n 


2Z\2U 








4290-6(3) 






6 


23300<2 










4282-5(6) 






10 


23344il 
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Babium — eontinued. 



I. spark Spectrum 


11. Arc 


Spectrum 


Intensity 
and Character 


Osc. Freq. 




Hugging 


Thfd^n 


Kirchboff 


Lockyer 


Liveing 
and Dewar 


I. 


11. 


a 


b 


e 


d 


e 




6n 












4264-0(») 






23446^ 










424l-6(*) 






4 


23569^ 










42390(») 






4 


23583^ 










4224-0(3) 






6 


23667<? 




4174 


t4165-0(» 




4166-6«) 
4131-6(») 




8nc 


8 
6 


240026^ 
24198^ 




4130 


t*4 130-6(8) 




4130-6(« 

4087-0(1) 

t4084-0(i) 

4081 oa) 

3996-2(8) 
3996-0(<) 
3992-7(») 
3937-2(<) 
t3934-7(») 
3909-2 


3991 -8 

3908-5 

38910 

3793-6 

3660-7 

3598-7 

36928 

3679-1 

36440 

36246 

3499-2 

3419-3 

33766 

3354-8 

3347-7 

3320-9 

3279-8 

3261-0 

3070-3 

2785-1 

2771-0 

27390 

2702-0 

2647-0 

2634-6 

2596-7 

2542-7 

2347-0 

2336 


lOno 


10 
2n 
2n 
2n 
6 
8 
4 
6 

lOr 

8 
10 


242036^ 

24461^ 

24479^ 

24497<^ 

26016<2 

26024^ 

250ilde 

25393^ 

25407d 

25575de 

25693^ 

26353d 

27308^ 

27779« 

27S25e 

27931^ 

28208^ 

28364<; 

28669<? 

29237^ 

2961&? 

29799^ 

29861^ 

30103d 

30480 

30666 

32670 

36894 

36076 

36498 

37000 

37767 

37946 

38499 

39316 

42696 

42814 












2304-5 


8 43380 





* Observed in the Spark Spectrum of Bariura Chloride solution by Lecoq de Boisbandran, who gives also 
the following Hues :— 5606, 5457, 5385, 5349, 5312, a5242, 5205, 5170, ^5136, 5106, 5064, 4556. 

t Observed by Lockyer— the * indices ' attached to these numbers, and to those in the fourth column, denote 
the comparative * lengths* of the lines as given by Lockyer. % See Iron. $ See Strontium. 
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Beryllium. 

Kirchhoff, * Abh. Berl. Akad.' 1861. 

Thal6n, « Nova Acta Soc. Upsal ' (III.) vi. 1868. 

Coma, * Spectre Normal du Soleil,* Paris, 1881. 

Lockyer, * Proc. Roy. Soc* xxvii. 280. 

Hartley, * Jour. Chem. Soc* xliii. 316 ; * Nature,' Nov. 22, 



1883. 



I. Spark Spectrum 


II. 

Arc Spectrum 


Intensity 
and Character 


Osc. Freq. 


Thaldn 
a 


Kirchhoff 
b 


Lockyer 
e 


Comu 
d 


4572-1 
4488-6 


4571-9 
4487-9 


3904-7 


3130-4 
31301 


8s 

lOn 
8s 
8s 
8s 


21866a& 
2227dab 

256680 

30108J 
31935<2 
31938^ 
319390 
377330 
400960 
403470 


Hartley 
8320-1 

3129-9 
2649-4 
2493-2 
2477-7 



Bismuth. 

Huggins, « Phn. Trans * 1864, p. 139. 

Mascart, * Ann. de TEoole Normale,' t. iv. 

Thal6n, * Nova Acta Soc Upsal ' (III.) vi. 1868. 

Liveing and Dewar, • Phil. Trans.* clxxiv. 222, 1883 ; * Proc. Roy. Soc* xxix. 398. 

Hartley and Adeney, • Phil. Trans.* clxxv 130, 1884. 

Becquerel, • Compt. Rend.* xcvi. 1218 ; zcvii. 72. 



I. Spark Specirum 


II. 

Arc Spectrum 


Intensity 
and Character 


Osc. Freq. 


Huggins 


Thal^n 


Hartley 
and Adeney 


Liveing 
and Dewar 


I. 


II. 


a 


b 


c 


d 








6808 












U&Sia 


6500 


6599-3 






4sd 




16147J 


6571 












15200a 


6499 


6492-8 






6sc 




16397* 


6125 


»6129-2 






8nc 




16311ft 


6057 


6066-7 






8nc 




16606ft 


6055 


♦6060-2 






4sd 




16623ft 


6034 


6038-7 






4sd 




16565ft 


5980 












16717a 


6972 












16740a 


5862 


5861-6 






8no 




17065ft 


5819 


58161 






6sd 




17189ft 


5717 


♦6716-6 






Bnc 




17488ft 


5656 


56561 






4sd 




17678ft 


5552 


♦5653-1 






4sd 




18003ft 


5538 




• 








18052a 
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BiSMCTH — eonti»ued. 



I. Spark Spectrum 


II. 

Arc Spectrum 


Intensity 
and Character 


OscFreq. 


Huggins 


Thal^n 


Hartley 
and Adeney 


Liveing 
and Dewar 


I. 


II. 


a 


b 


c 


d 








6449 


5460-1 






8nc 




183436 


5394 


5396-7 






46d 




186246 


5367 












18661a 


6271 


♦52701 






8nc 




189696 


5208 


♦5208-2 






lOnc 




191966 


5199 


5201-2 






4nd 




192216 


6144 


♦5143-7 






lOnc 




194366 


5124 


♦5123-7 






lOnc 




195116 


5089 


5090-1 






2Qd 




196406 


5078 


5077-6 






4nd 




196896 


4991 


49931 






lOso 




200226 


4970 


♦4970-1 






28d 




201146 


4915 












203iOa 


4907 


4906-1 






4sd 




203816 


4798 


4796-7 






48d 




208426 


4752 


4752-7 






2sd 




210346 


4729 


47301 






28d 




211336 


4723 


t*4722-l 


4724-5 


(47221) 


38C 


r 


2116660 


4706 


4705-1 
4691-6 


47070 




3sd 
4sd 




2124360 
213086 


4660 


45601 


46600 




78d 




219236 


4476 




44770 




38d 




223300 


4389 




43910 




38d 




227670 


4338 


4339-6 


4339-4 




58d 




2303760 


4329 


4327-5 


4328-7 




58d 




2309860 


4301 


♦4302-0 


4301-6 
4271-3 




9b'd 
7sd 




2324060 
234050 


4269 


♦4259-6 


4269-2 




9sd 




2347160 


4120 


♦4119-0 


4121-2 


(411»0) 


78C 




2426460 


4080 


4084-6 


40790 
3863-7 
3848-5 
3845-4 
3815-9 
3810-6 
3792-7 
3780-6 
37670 
3732-7 
3711-0 
37040 
' 3695-3 
3684-5 
3653-9 
3647-4 
3631-9 




7sd 
78d 
6sd 
38d 
3sd 
6sd 
9no 
58d 
78d 
Ssd 
3sd 
5sd 
9nd 
2sd 
78d 
2sd 
3sd 




2449260 

268740 

259760 

269970 

261990 

262360 

263690 

264430 

266090 

267820 

269390 

269900 

270640 

271320 

273600 

274080 

276260 






3613-8 




9nd 




276630 






3696-7 


3695-3 


7sc 




27S05cd 






3641-6 




7sd 




282280 






3627-9 




68d 




283370 






3617-9 




2nd 




284170 






3610-6 


3510-4 


7sc 




284780<; 






3485-0 




7nd 




286860 






3473-0 




7nd 




287840 
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Bismuth — eontinued. 



I. Spark 
Spectrum 


II. Arc 
Spectrum 


Intensity 

and 
Character 


^■v ^n 


I. Spark 
Spectrum 


II. Arc 
Spectrum 


Intensity 

and 
Character 


^% ^n 










Osc. Freq 










Osc Freq. 


Hartley 


Liveiog 






* 


Hartley 


Liveing 






A 


and Adeney 
c 


and Dewar 
d 


I. 


II. 




and Adeney 
c 


^ and Dewar 
d 


I. 


II. 




3464-8 




38d 


289370 


2766-3 




7sd 




361380 


3460-7 




78d 




28971(> 


2757-3 




2sd 




362560 


3430-9 




7sd 




29138<T 


2746-0 




3sd 




364050 


3396-7 


3396-2 


78C 




29434c 


2733-2 




2sd 




365760 


3393-2 




3nd 




29462^ 


2729-3 


2730-0 


7sc 




366260^; 


3381-9 




3sd 




296600 


2727-1 




28d 




366580 


3316-3 




2sd 




301640 


2713-1 




3Dd 




368470 


3297-9 




38d 




303130 


2696-6 




7sc 




370860 


3287-4 




3nd 




304100 


2693-2 




2nd 




371200 


§3279-9 




3sc 




304790 


2679-6 




2nd 




373090 


3266-4 




2nd 




307180 


2676-6 




2nd 




373500 


3236-8 




3sd 




308860 


2663-6 




Ind 




375430 


3187-7 




2nd 




313600 


{2651-8 




7sd 




376990 


31700 




2sd 




316360 


2641-4 




2nd 




378470 


3160-0 




2sd 




316360 


2628-3 




3sd 




380340 


3130-8 




2sd 




319300 


26270 




780 




380550 


3114-8 




7nd 




32094O 




2693-0 






38553^ 


3110-4 




3sd 




321400 


2583-6 




l8d 




386860 


3076-7 


" 


6sc 




326030 


2581-6 




3so 




387250 


3067-1 


30660 


lOb'c 


lOr 


326010^ 


2676-6 




2nd 




388160 


3041-3 




3sd 




328710 


^2643-3 




3nd 




393070 


3038-0 




7sd 




329070 


2631-9 




3nd 




394830 


3034-6 




7sc 




329460 


§2529-7 




3sd 




395180 


3023-8 


3023-6 


lOsc 




33063o<; 


25235 


2524-0 


7so 




39612o<; 


3009-0 




3nd 




332240 


2514-3 


2616-4 


3so 




397520^ 


3001-2 


30000 


2sd 




nmed 


2603-9 




3nd 




399250 


2992-2 


2996-0 


7sc 




333890^ 


2500-6 




2sd 




399780 


2988-1 




8sc 




334660 


2499-1 




2so 




400020 


2982-9 




3sc 




336140 


24891 




3no 




401610 


2973-4 




2sd 




336210 


J2479-1 




3sd 




404710 


2968-9 




2sd 




336720 


2447-2 


24480 


380 




40843orf 


2961-0 




3nd 




338760 


2437-6 


2436-6 


3sd 




410290^ 


2942-4 




2sd 




339750 


24293 


2431-0 


2sc 




41135o€2 


2937-6 


2937-4 


lOsc 




34033o<? 


2414-8 




9nd 




413970 


2931-4 




3sd 




341030 


2412-7 




28d 




414340 


2923-2 




2sd 




341990 


2400-7 


2400-8 


7so 


10 


4164 lo^; 


2917-5 




3sd 




342650 


2378-0 




2nd 




42038O 


2897-2 


28970 


lOsc 




346070^ 


2368-0 




7so 




422140 


2862-6 


2862-0 


6sc 




34927o<i 


23470 




2nd 




426950 


2864-8 




9nd 




350180 


2331-8 




2sd 




428720 


2846-1 




6sd 




351250 


2327-0 




2b'd 




429610 


§2840-1 




3sd 




351990 


2326-4 




2sd 




429900 


2832-8 




2sd 




352900 


2321-7 




3sd 




430590 


2822-2 




6sd 




354220 


2317-4 




2sd 




43139c 


2816-3 




68d 




354960 


2313-7 




2nd 




432080 


2808-4 


2810-0 


7sc 




36586orf 


2310-5 




2nc 




432680 


2806-4 




28d 




356340 


2301-3 




3sc 




434400 


2802-6 




7sc 




356710 ; 


22976 




380 




43510O 


27980 


2799-0 


38C 




35722o<« 


2294-1 




380 




436760 


27840 




78d 




35908 


2291-6 




Ind 




436220 


II2779-3 


27800 


880 




35965c<i 


22810 




2sd 




438250 


2773-6 




3sd 




36046O 1 


2276-9 


22770 


7sc 


4r 


43902orf 


2772-5 




3sd 




360570 ! 


2252-5 




2nd 




443790 
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BiBUVTn^eoutinved, 



I. Spark 
Spectrum 


Intensity 
and Character 


OscFreq. 


I. Spark 
Spectrum 


Intensity 
and Character 


0»c. Freq. 


Hartley 

and Adenej 

c 


I. 


II. 


Hartley 

and Adeney 

c 


I. 


II. 


2250-5 


3sd 




444190 


2176-6 


Ind 




459280 


22470 


3sd 




444900 


2168-5 


2nd 




461000 


r2231-4 
\ 22291 


9nc 




448010 


2144-3 


3nd 




466200 


9nc 




448450 


2133-8 


3nc 




468490 


2214-8 


780 




451370 


2109-8 


8no 




473820 


2203-3 


7no 




453720 


2070-2 


2nd 




482880 


2190-4 


2nc 




456390 


2058-2 


2nc 




485700 


21870 


7nc 




457100 











* Obeerred also by Leooq de Boiabandran in the Spark Spectrum of Bismuth Chloride solnticm. 
t 4721 Maacart. % See Antimony. $ See Tellurlam. q See Araenio. 

Note.— Beoquerel has observed infra-red lines in the Arc Spectrum of Bismuth at 9780, 8370, 8850, and 7710, 



Boron. 

Troost and Hautefeuille, * Gompt. Rend/ Izziii. 620. 
Salet, * Ann. de Chim. et de Pbys.' (4), xxtIU. 59. 
Hartley, * Proc. Roy. 8oc.* xxxv. 301, 1883. 



Spark Spectrum 


Intensity and Character 


Osc. Freq. 


Hartley 


34501 
2497 
2496-2 




28976 
40035 
40048 



Bromine. 

Pliicker, * Pogg. Ann.' cvii. 527, 1859. 
Pliicker and Hittorf, * Phil. Trans.' civ. 24, 1865. 
Salet, « Ann. de Chim. et de Phys.' (4), xxvlii. 26. 
Ciamician, « Wien. Ber.' Ixxviii. (II.) 874, 1878. 




Line Spectrum 



6990 

6630 

6580 

6555 

a6356 

/96165 



Plttpker 

and Hittorf 

b 



6862 
6628 
6676 
6555 
6357 
6168 
6151 



i? s 




ntensi 

and 

harac 


Osc. Freq. 


•^ O 




6 


14302^^ 


6 


145696 


6 


15081^6 


6 


15198^6 


6 


15251^6 


10 


i5727ab 


10 


16225<z» 


2 


162536 



Line Spectrum 



Salet 
a 



PlUcker 

and Hittorf 

b 



5880 
75840* 



55720 



6131 
6128 
5868 
5827 
5824 
5792 
5739 
5722 



Intensity 

and 
Character 


Osc. Freq. 


2 


163066 


2 


163146 


6 


17019^6 


10 


17137^6 


2 


171656 


1 


172606 


2 


174196 


6 


17474^6 
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Bbominb — continued. 



Line Spectrum 


ntensity 

and 
haracter 


Osc Freq. 


Line Spectrum 


Intensity 

and 
Character 


Osc Freq. 


Salet 


Plttcker 
and Hittorf 


Salet 


1 - ■ 

PlUcker 
and Hittorf 


a 


b 


« o 




a 


ft 


- 




6712 


2 


17602& 




4990 


6 


20034ft 




6696 


6 


I7551d 




4982 


1 


20066ft 




6662 


2 


17656» 




4960 


2 


20155ft 




6626 


2 


17769ft 




4946 


2 


20216ft 




6622 


2 


17782ft 


64930 


4932 


8 


20274ft 


c5600 


6598 


10 


17855«ft 




4924 


2 


20302ft 




6666 


1 


17961ft 




4868 


1 


20536ft 




6562 


I 


18006ft 




4852 


2 


20604ft 


r5515 


6516 


8 


lSl27ab 




4847 


1 


20625ft 


i 5500 


6602 


8 


18l7Sab 


r4816 


4818 


8 


20756aft 


[5495 


6492 


8 


18198aft 


m| 


4807 


2 


20797ft 


f5450 


6446 


10 


18350aft 


14786 


4787 


10 


20888d^ft 


\ 


6436 


10 


18390ft 




4778 


2 


20923ft 


L6425 


6428 


1 


lSi22ab 




4771 


6 


20954ft 




6422 


8 


18438ft 




4746 


1 


21064ft 




6391 


1 


18544ft 




4736 


1 


21109ft 




6383 


1 


18571ft 




4730 


1 


21135ft 




'6335 


5326 


10 


18754aft 


4720 


4721 


4 


21178<jft 






6299 


1 


18866ft 


v4706 


4706 


10 


21246aft 




6310 


5292 


10 


18859aft 




4695 


2 


21293ft 




6276 


5263 


8 


18973aft 


4675 


468u 


10 


21373«ft 




6265 


6250 


8 


19016aft 




4676 


1 


21380ft 


f- 


5240 


6226 


10 


19106aft 




4644 


I 


21526ft 




6220 


1 


19152ft 


4620 


4625 


10 


2l627ab 






6216 


2 


19L66ft 


4542 


4543 


4 


2200Sab 






6187 


1 


19273ft 


4486 




6 


222900 






6180 


2 


19299ft 


ir4367 


4366 


10 


22897aft 




6186 


6168 


10 


19312aft 


f4287 


4288 


2n 


23317aft 




.6166 


5160 


8 


19384aft 


1 4230 


4241 


In 


23603<ift 




5122 


2 


19518ft 


1 


4228 


2 


23645ft 




6106 


2 


19579ft 


14180 


4198 


In 


23865aft 




6092 


4 


19633ft 


• 


4181 


1 


23911ft 


i|5060 


6064 


6 


19769aft 




4142 


1 


24142ft 




6035 


6 


19859ft 


p3980 






251 18« 




6010 


6 


19954ft 











* Double. 



C 2 
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Cadmium. 

Kiichhoff, * Abh. BerL Akad.* 1861. 

Mascart^ ' Annales de TEcole Normale,' iv. 1866. 
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* Observed also by Hngpins. 

t Observed by Lecoq de BoisbaDdran in the Flame Spectrum of Cadmium Chloride and Bromida. 

t Undoubtedly an air-line. See ' Air ' ; Thaldn 3995, Hartley and Adeney S994'5. 

Observed by Lecoq de Boisbaudran in the Spark Spectrum of Cadmium Chloride solution. 

Observed aJso by Lockyer in the Spectrum of the Spark between metallic poles : the ' indices * attached 
to these numbers denote the relative ' lengths ' of the lines. 

7 Origin doubtful. *• See Aluminium. It See Thallium. Xt S^ Copper. 
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3168*8 






31648^ 


134680 






8 


28826<; 


31510 






2n 


31726*^ 


r 3369 6 






10 


2975Sd 


31410 






2n 


SlS27d 


< 3347 6 






10 


29864^ 


31360 






2n 


31878^ 


1 33420 






10 


29913^ 


3117-6 






2n 


32067<^ 


f 32850 






8 


30432<2 


, 31080 






2n 


32165<; 


^ 3273 6 






8 


30639^ 


2398 






2n 


41684<; 


1 3268-6 






8 


306861^ 













Beoqnerel has observed infra-red bands from 8880 to 8830 and from 8760 to 8680 in the 

Arc Spectrnm of Calcium. 

* Observed by Leooq de BolBbaudran in the Spark Spectrum of Calcium Chloride solation. 

t The numbera attached as ' indices ' in this column denote the comparative ' lengths * of the lines. 

X 4226 Mascart. § Origin doubtful— probably Iron lines. || Compaxe Titanium. 

** Compare Chromium. ft See Strontium. 
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o 






o 
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I. 
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M 


a 


h 


c 


d 
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6583-0 
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6577-6 
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15198^ 


♦tffii^o 
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6183-4 
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3b' 
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161632^ 
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*tt6110 
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6116-0 
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6095 
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16402^ 
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6056*3 
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6999-7 
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*t6956 




5953-6 


5955-6 
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♦♦6964 






Is 


16790rf 
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17074^ 
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6694*1 




6s 


17657tf 








5660-9 




6s 


17660d 








5640 


6646-5 
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17706<J 








♦♦6636 


5638-6 




2s 


17730^ 


*ttl|6634-7 


056330 

? 
5604-0 


5636-1 






8b' 




17742a Jc 










3b' 




17839^ 




56020 
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/i 
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7b' 
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Carbon — eowtinued. 



I. Band Spectra 


m 


II. Line Spectram , 


Intenditj 
uid Character 


OscFreq. 
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o 

Ang8tr5m 
and Thalfo 


PiaKzLSmyth 
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AngstrOm 
andThal^n 
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a 


ft 


e 


d 
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5580-4 








7b' 


17915ft 




6577-2 








6b' 




17926ft 




5574-3 








6b' 




17934ft 




5570-9 








6b' 




17945ft 




55683 








5b' 




17954ft 




6564-8 
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17966ft 




5561-4 








3b' 




17976ft 




5657-6 








3b^ 




17988ft 




5563-6 
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18001ft 




5549-8 








2b' 
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5546-1 
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5542*3 
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5622-3 
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0-05b' 
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6517-7 


5521-4 






0-05b' 
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5513-6 


5617-8 






005^ 




18125ft0 




5509-5 


5513-3 






005b' 




18139ft0 




5504-3 
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0-05b' 




18166ft0 
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ev 
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OASXas-r-eoMtiHtied. 



I. Band Spectnim 


11. Line Spectram 


Intensity 
and Character 
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o 
An^strOm 

and Thal^n 


Piazzi'Smyth 
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o 

AnestrOm 
andThal^n 


I. 


II. 


Osc. Freq. 


a 


6 


e 


d 
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5128-3 






4b' 




194946 






5126-8 






3b' 




195006 






5125-1 






2b' 




195066 






6123-6 
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f 


5122-2 
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5118 9 
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0-3b' 
O^b- 
01b' 
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O-lb* 
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195546 
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1957460 
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0-lb' 
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I. Band SfMctmm 


II. Line Spectrum 
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Cab BON — continued. 



II. Line 
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Intensity 

and 
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Osc. Freq. 


11. Line 
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Liveing 
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d 
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d 
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IL 
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3sd 
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3881-9 
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d6576d 
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Ssd 
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SdSiJde 
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4sd 
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2995-0 


29931 


4b'd 
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* Observed also by Morren. 



t Observed also by Salet. 



Observed also by Plilcker and Hittorf. 



n Observed in the Hydrocarbon Flame by Leooq de Boisbandran, who, however, gives the yellowish-green 
band as 5629. 

IT Observed m the Arc by Liveing and Dewar. ** Doable. ft Triple. 

Xt 8906-0 Lockyer. {§ 4266-3 Hartley and Adeney. 



APPENDIX TO CABBOIi 



BAND SPECTBUM. 



The following detailed and accurate measurements of the separate lines constituting^ 
the brighter bands of this spectrum have been made by Fievez, « M6m. de TAcad. roy. de 
Belgique/ zlvii. 1885. The source of light was the incandescent vapour existing between 
the carbon poles of a powerful electric light. 



Greenish-yellow Band 


Greenish-vellow Band 


Wave Length 


Intensity 


Osc. Freq. 


Wave Length 


Intensity 


Osc. Freq. 


5633-8 


10 


17745 


5524-1 


5 


17776 


5633-3 


10 


17746 


56234 


10 


17777 


56329 


10 


17747 


5622-7 


5 


17780 


5632-4 


10 


17749 


5622-1 


10 


17782 


5631-9 


10 


17751 


5621-2 


6 


17784 


6631-2 


10 


17753 


5620-7 


3 


17786 


5630-6 


10 


17755 


5620-4 


10 


17787 


6629-9 


10 


17757 


6619-6 


6 


17790 


6629-5 


4 


17758 


6618-9 


3 


17792 


6629-1 


10 


17759 


6618-6 


10 


17793 


6628-6 


3 


17761 


5618-3 


3 


17794 


6628-3 


10 


17762 


5617-8 


6 


17796 


5627-9 


3 


17763 


6617-2 


4 


17797 


6627-6 


10 


17765 


6616-8 


10 


17798 


6627-1 


3 


17766 


6616-2 


3 


17800 


6626-6 


10 


17767 


6616-7 


6 


17802 


66261 


4 


17769 


6614-6 


10 


17806 


6626-7 


10 


17770 


6613-7 


6 


17808 


6625-2 


6 17772 


5612-8 


10 


17810 


6624-8 


10 


17773 


6612-6 


6 


17812 
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CAVBOH^oomtinmcd, 



GreeoiBh-vellow Band 



Wave Length 


IntenB 


5612-3 


6 


5611-6 


5 


5611-0 


2 


5610-8 


10 


6610-6 


6 


5610-4 


5 


5609-7 


5 


56093 


2 


56090 


10 


5608-7 


5 


5608-5 


6 


5607-7 


2 


5607-4 


10 


5607-1 


6 


5606-9 


5 


5606-0 


4 


5605-2 


2 


5605-0 


10 


5604-6 


6 


5604-4 


5 


5603-6 


2 


5603-4 


5 


5602-6 


3 


6602-4 


10 


6602-1 


5 


5601-9 


5 


5601-0 


3 


5600-7 


5 


5699-9 


3 


5699-7 


10 


6699-4 


5 


56991 


5 


5698-4 


3 


5698-1 


5 


5597-3 


4 


6596-9 


10 


5596-6 


5 


5696-4 


5 


5696-7 


3 


6595-41 


5 


6694-5 


3 


5694-2 


10 


5693-9 


5 


5593-7 


5 


6693-0 


3 


6692-7 


5 


6691-4 


10 


5691-2 


5 


6590-9 


5 


6590-1 


3 


6689-8 


5 


6588-6 


10 


6688*3 


5 


5687-9 


5 


6587-3 


5 



Oflc Freq. 



Greenish-jellow Uand 



17813 
17815 
17816 
17817 
17818 
17819 
17821 
17822 
17823 
17824 
17825 
17827 
17828 
17829 
17830 
17833 
17836 
17836 
17837 
17838 
17840 
17841 
17843 
17844 
17846 
17846 
17849 
17860 
17862 
17863 
17864 
17865 
17867 
17868 
17860 
17862 
17862 
17863 
17866 
17865 
17869 
17870 
17871 
17872 
17874 
17875 
17879 
17880 
17881 
17883 
17884 
17888 
17889 
17892 
17893 









Wave Length 
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Obc Fw^. 


5587-0 


6 


17894 


5586-3 


10 


17896 


5586-0 


5 


17897 


5685-6 


5 


17898 


5586-1 


3 


17900 


5584-8 


3 


17901 


66841 


2 


17903 


5583-8 


10 


17904 


5683-3 


7 


17906 


56830 


5 


17906 


55826 


5 


17908 


5582-1 


5 


17909 


5681-6 


5 


17911 


6581-0 


10 


17913 


56806 


2 


17914 


5580-3 


6 


17915 


55801 


3 


17916 


5579-5 


5 


17918 


56791 


3 


17919 


5678-7 


6 


17920 


6678-1 


3 


17922 


5577-7 


10 


17923 


5677-4 


10 


17924 


5577-1 


10 


17925 


5576-7 


3 


17927 


6576-0 


10 


17929 


5676-3 


3 


17931 


5674-7 


10 


17933 


6674-2 


6 


17936 


56736 


5 


17937 


5673-1 


5 


17938 


6672-5 


5 


17940 


56721 


10 


17941 


5671-7 


10 


17943 


5671-3 


10 


17944 


5570-7 


5 


17946 


66700 


10 


17948 


5669-5 


5 


17960 


5669-0 


10 


17962 


6668-4 


10 


17963 


6567-9 


5 


17965 


5667-2 


10 


17967 


6666-7 


5 


17969 


6566-1 


10 


17961 


5666-6 


10 


17962 


5665-0 


4 


17964 


6664-3 


3 


17967 


6563-9 


10 


17968 


6663-2 


10 


17970 


6562-8 


10 


17971 


5562-4 


10 


17973 


5661-9 


5 


17974 


5561-3 


5 


17976 


5660-8 


5 


17978 


5660-3 


10 


17979 
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Cabbon — enntimted. 



Greenish-yellow Band 


Green Band 


VV are Length 


Intensity 


Osc. Freq. 


Wave Length 


Intensity 


Osc. Freq. 


5559-4 


10 


17982 


5151-1 


10 


19408 


5558-9 


10 


17984 


6160-7 


6 


19409 


5558-4 


5 


17986 


5150-6 


6 


19410 


6668-0 


5 


17987 


6150-2 


5 


19411 


5657-5 


5 


17989 


5149-9 


10 


19412 


5667-0 


10 


17990 


6149-3 


6 


19414 


6666-6 


6 


17991 


61490 


5 


19416 


5666-2 


6 


17993 


8148-7 


6 


19417 


6665-7 


6 


17994 


6148-3 


10 


19418 


6566-2 


10 


17996 


5147-7 


5 


19420 


5564-9 


10 


17997 


6147-3 


6 


19422 


6664-6 


10 


17998 


6146-9 


6 


19424 


5554-2 


6 


17999 


6146-5 


10 


19426 


5653-8 


5 


18000 


£145-6 


6 


19428 


6553-4 


6 


18002 


5145-1 


4 


19430 


55630 


10 


18003 


5144-7 


6 


19432 


6662-6 


6 


18004 


5144-3 


10 


19433 


5662-2 


6 


18006 


5143-6 


6 


19436 


6661-8 


10 


18007 


6143-1 


6 


19438 


6551-6 


10 


18008 


5142-8 


6 


19439 


5651-0 


3 


18009 


5142-3 


10 


19441 


6560-3 


3 


18012 


5141-6 


6 


19443 








6141-2 
6140'8 


6 
6 


19445 
19447 




Green Band 




5164-9 
5164*4 


10 
10 


19356 
19368 


6140-3 
5139-8 


10 
2 


19448 
19450 


5164-0 


10 


19369 


6139-4 


5 


19452 


5163-6 


10 


19361 


51391 


5 


19453 


5163-1 


10 


19363 


6138-8 


6 


19464 


5162-7 


10 


19364 


6138-4 


10 


19466 


5162-3 


10 


19366 


6137-9 


2 


19458 


5161-8 


10 


19367 


5137-4 


5 


19459 


5161-3 


10 


19369 


5137-2 


6 


19460 


%^ ^ \^ JL ^^ 

5160-9 
5160-4 
5159-6 
5159-0 
5158-5 
51680 
5157-5 
5157-0 
5156-6 
5156-2 
5165-7 
5155-2 


10 
10 
10 
10 

6 
10 

6 
10 

5 

10 

.6 

10 


19371 
19373 
19376 
19378 
19380 
19382 
19384 
19386 
19387 
19388 
19390 
19392 


6136-8 

5136-3 

5136-0 . 

6136-6 

5135-3 

6136-0 

6134-7 

6134-2 

5133-8 

6133-5 

51331 

5132-8 


6 

10 

2 

5 

6 

5 

10 

2 

5 

6 

5 

10 


19462 
19464 
19465 
19466 
19467 
19469 
19470 
19472 
19473 
19474 
19476 
19477 


5164-6 
6164-3 
5153-9 
5153-3 
5162-9 


5 
6 
10 
6 
5 


19395 
19396 
19397 
19399 
19400 


5132-4 
51320 
5131-7 
6131-3 
5131-0 


2 
5 
5 
6 
10 


19478 
19480 
19481 
19483 
19484 


5162-5 


10 


19402 


6130-6 


3 


19485 


v^ JL ^J mm ^^ 

5162-0 
6151-8 
6161-4 


6 
6 
6 


19404 
19405 
19407 


6130-2 
51300 
5129-6 


6 
5 
5 


19487 
19488 
19489 
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CuiBON — continued. 



Green Band 



Wave Length 



5129-2 

6128-7 
6128-5 
51281 
5127-9 
5127-5 
51271 
5126-7 
5126-0 
5125-3 
5126-0 
5124-2 
51240 
51230 
5122-6 
5122-0 
51210 
5119-3 
5118-7 
51181 
5117-6 
51170 
5116-3 
6115-6 
5115-0 
5114-3 
5113-6 
5112-4 
51111 
5109-6 
5109-2 
5108-5 
5108-1 
5107-6 
5107-1 
6106-8 
6106-4 
51060 
5105-6 
51060 
5104-6 
5104-1 
5103-7 
5103-1 
5102-6 
5101-9 
6101-4 
5100-9 
5100-2 
5099-6 
5097-9 
5096-4 
50950 
5094-6 
50941 



Intendiy 



10 
10 
10 
10 
10 

5 
10 
10 

5 
10 

6 
10 
10 

5 
10 

5 
10 
10 

5 

6 
10 

6 
10 

5 
10 

5 

10 
10 
10 
10 

6 
10 

4 

6 
10 

6 

6 
10 

5 

6 
10 

5 

5 
10 

6 

6 
10 

5 

5 
10 
10 
10 
10 

6 

5 



} 



Osc. Freq. 



19490 
19492 
19493 

19495 

19497 
19498 
19500 
19503 
19506 
19507 
19609 
19510 
19514 
19516 
19518 
19522 
19528 
19530 
19533 
19636 
19537 
19540 
19542 
19546 
19547 
19550 
19555 
19560 
19566 
19567 
19669 
19571 
19573 
19576 
19676 
19578 
19579 
19581 
19583 
19584 
19587 
19688 
19590 
19592 
19595 
19597 
19599 
19601 
19604 
19610 
19616 
19621 
19623 
19625 



Green Band 



Wave Length I ntensity 



5093-7 
5092-1 
6090-6 
5090-1 
5089-7 
6089-2 
6088-9 
5088-4 
5088-0 
5086-9 
6086-7 
6086-2 
6085-8 
6085-2 
5084-8 
6084-3 
5083-9 
5082-6 
5082-3 
5080-9 



10 

10 

10 

5 

5 

10 

5 

6 

10 

10 

10 

5 

6 

10 

6 

5 

10 
10 
10 
10- 



Blue Band 



4735-4 


10 


4734-9 


10 


4734-5 


10 


47341 


10 


4733-8 


10 


4733-4 


10 


4732-9 


10 


4732-4 


10 


4731-9 


10 


4731-4 


10 


4731-0 


10 


4730-6 


10 


4730-2 


10 


4729-8 


10 


4729-6 


10 


4728-8 


10 


4728-0 


10 


4727-2 


10 


4726-2 


10 


4725-3 


10 


4724-2 


10 


4723-2 


10 


4722-1 


10 


4721-1 


10 


4720-1 


10 


47191 


' 10 


4718-2 


10 


4717-3 


10 


4716-4 


10 


4715-6 


10 


4714-7 


10 


4713-8 


10 


4713-5 


10 



Osc Freq. 



19626 
19633 
19638 
19640 
19642 
19644 
19645 
19647 
19648 
19653 
19«54 
19655 
19657 
19659 
19661 
19663 
19664 
19669 
19670 
19676 



21111 
21113 
21115 
21117 
21118 
21120 
21122 
21125 
21127 
21129 
21131 
21133 
21134 
21136 
21137 
21141 
21144 
21148 
21152 
21156 
21162 
21166 
21171 
21175 
21180 
21184 
21188 
21192 
21196 
21200 
21204 
21208 
21209 
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Carbon — eontiuued. 



Blue Band 


Wave Length 


Intensity 


47130 


5 


4712-2 


10 


47120 


5 


47110 


5 


4710-7 


10 


4710-3 


5 


47091 


10 


4708-8 


5 


47080 


5 


4707-6 


10 


47070 


5 


4706-3 


10 


4706-0 


10 


47050 


5 


47041 


10 


4703-9 


10 


47020 


10 


4701-1 


5 


4700-2 


10 


4699-4 


6 


4698-8 


10 


4698-5 


10 


4697-3 


10 


4696-5 


10 


4696-2 


10 


4695-5 


5 


4694-8 


10 


4694-4 


10 


4693-2 


10 


4692-1 


10 


4691-9 


10 


4690-8 


6 


4690-2 


10 


4689-9 


10 


4688-9 


10 


46871 


10 


4686-8 


10 


4685-3 


10 


46ft4-l 


10 


4683-8 


10 


4682-3 


10 


4681-6 


10 


4681*1 


10 


46801 


10 



Osc. Freq. 



21212 
21215 
21216 
21221 
21222 
21224 
21229 
21231 
21234 
21236 
21239 
21242 
21243 
21248 
21252 
21253 
21261 
21265 
21269 
21273 
21276 
21277 
21282 
21286 
21287 
21291 
21294 
21296 
21301 
21306 
21307 
21312 
21316 
21316 
21321 
21329 
21330 
21337 
21342 
21344 
21351 
21354 
21356 
21361 



Blae Band 



Wave Length 



4678-9 
4678-6 
4677-9 
4677-3 
4676-7 
4676-2 
4675-4 
4674-9 
4674-1 
4673-2 
4672-9 
4672-2 
4671-9 
4670-9 
4670-5 
46701 
4669-5 
4668-9 
4668-3 
4667-7 
4666-8 
46660 
4665-6 
4664-7 
4663-5 
4663-2 
46621 
4661-8 
4660-8 
4660*4 
4659-9 
4659-6 
46590 
46580 
46570 
4656-2 
4665*9 
4655-3 
4654*3 
4653-7 
4652-8 
46520 
4651-4 
4651-1 



IntenBity 



10 

10 

6 

6 

10 
5 
5 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
6 
5 

10 

5 

6 

10 

10 

10 

10 

10 

5 

5 

icr 

10 
5 

10 
10 



Osc. Freq. 

21366 
21368 
21371 
21373 
21376 
21378 
21382 
21384 
21388 
21392 
21394 
21397 
21398 
21403 
21405 
21406 
21409 
21411 
21415 
21417 
21422 
21425 
21427 
21431 
21437 
21438 
21443 
21445 
21449 
21461 
21464 
21455 
21457 
21462 
21467 
21470 
21472 
21474 
21479 
21482 
21486 
21490 
21492 
21493 



D2 
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Cerium. 

Kirchhoff, ' Abh. Berl. Akad/ 1861. 

Thal§n, *Nova Acta Soc. Upsal * (III.) vol. vi. 

BonseD, * Pogg. Ann.' civ. 366. 

Lockyer, •Proc. Eoy. Soc.* xxvii 280. « Phil. Trans.' 1881, pt. iii. 



I. Spark Speetram 


Intensity 

and 
Character 




I. Spark Si>ectnim 


Intensity 




Kirchhoff 
a 


ThaMn 
ft 


OscFreq. 


Kirchhoff 
a 


ThaMn 
ft 


and 
Character 


Osc. Freq. 




5664-1 


2sd 


17681ft 


4661-8 


4662-1 


lOsc 


21914aft 


5636*3 




Isc 


17737a 


4560-6 


4660-6 


8nc 


21920flft 




5600*2 


28d 


17851ft 


4639*1 


4539-6 


8nc 


22023aft 


5563-5 


6564*2 


28d 


17968aft 


4527*4 


4527-6 


8nc 


22081aft 


5555-1 






17996a 


4626-6 


4626-6 


lOnd 


22085aft 




5511-2 


8sc 


18140ft 


4623-1 


4523*1 


8sc 


22102aft 


6471-8 


6472-2 


6sd 


18269aft 




4486-1 


2sd 


22286ft 


5466*8 


5467*2 


4sd 


18286aft 




4482*6 


2sd 


22302ft 


5463-5 


5463*2 


28d 


18299aft 




4479-1 


2sd 


22319ft 


5409*9 


5408-7 


8sc 


18481aft 


4471*2 


4471-6 


8nc 


22353aft 


5392-4 


5392*7 


8sc 


18539aft 




4467-1 


2sc 


22379ft 


5352-6 


6362'2 


lOsc 


18678aft 




4462-5 


2sc 


22402ft 


5330-0 


5330*2 


6sd 


18756aft 


4460-6 


44596 


lOnc 


22413aft 


5273-4 


6273-2 


lOsc 


18958aft 




4448-6 


6nc 


22477ft 


6230-6 




In 


19113a 




4443-6 


6sc 


22498ft 


5229-5 
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19117a 




44281 


8sc 


22676ft 


61910 


6190-7 


4sd 


19259aft 




4419*1 


88C 


22622ft 


5186-4 


6187-2 


6sd 


19274aft 




4410*1 


28d 


22669ft 




6161-2 


28d 


19370ft 




4398-1 


2sd 


22730ft 


5146*6 




Isc 


19425a 


4390-3 


4391-6 


8sc 


22768aft 


5116*1 




Isc 


19546a 


4386*2 


4385*6 


8sc 


22797aft 


6078-9 


6079-1 


6sc 


19683aft 


4381-9 


4382-0 


8sc 


22814aft 


5075*3 


6072-2 


4sd 


19703aft 




4366*0 


2sd 


22903ft 


4970-7 


4970-2 


2sd 


2011.Saft 




4296-0 


lOnc 


23270ft 


4882-1 




Is . 


20477a 




4289*0 


lOnc 


23308ft 


4735-3 




l8. 


21112a 




4185-6 


6nd 


23886ft 


4712*8 


4713-6 


8nc 


21211aft 




4165*0 


4nd 


24003ft 


4627-6 


4628-2 


lOsc 


21602aft 




4149*0 


4nd 


24095ft 




4624*2 


28d 


21619ft 




4136-5 


48d 


24168ft 


4694*0 


4605-7 
4594-1 


2sd 
6sc 


21706ft 
21760aft 




4132-6 
41270 


48d 
2sd 


24191ft 
24224ft 


Lockyer 




4582-6 


2sd 


21815ft 




41240 


28d 


24241ft 




4578-6 


2sd 


21834ft 


4012-0 






24312a 


4572-6 


4672-6 
4564-6 


lOsc 
2sd 


21863aft 
21901ft 


3928-7 






25446a 



Lockyer has observed the following lines in the Arc Spectrum of Cerium between the 
wave lengths 4000 and 3900 :— 39987, 39973, 3993-2, 3992-4, 3991-7, 39910,39840, 39800, 
3977-8, 3974-3, 39715, 39712, 39666, 39621, 3959-8. 39550, 3961-6, 3941-8, 39414, 3939-2, 
3937-2, 3930-6, 39302, 39239, 3922-2, 39191, 3917-5, 39119, 3911-6, 39104, 39078, 39013. 
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Chlorine. 

Van der Willigen, * Pogg. Ann.* cvi. p. 624, 1859. 

Plucker, * Pogg. Ann.' cvii. p. 628, 1869. 

Pliicker and Hittorf, • Phil. Trans.' civ. p. 24, 1865. 

Ditte, *Compt. Rend.' Ixxiii. 622. 

Angstrom, * Compt. Rend.' IxiLiii. 369. 

Thal6n, * Kongl. Svenska Vetenskaps-Akademiens Handlingar,' xii. No. 4, p. 8, 

Hasselbeig, * Bull. Acad. St. Petersb.' xxviii. 406. 

Salet, * Ann. Chim. Phys.' (4) xxviii. p. 24, 1873. 

Ciamician, « Wien. Ber.' Ixxviii. (II.) p. 872, 1878. 



Salet 
a 



6670 
6110 



5460 
5445 
5420 
6390 



5216 



5097 
5075 



5000 
4975 



Spark Spectnim 



Plttcker 
6 



6758-8 

6711-1 

/ 6681-4 

\ 6657-1 

6093-4 

6937-6 

6930-5 

5785-4 

5714-0 

66811 

56690 

6635-1 

5696-2 

5672 4 

5636-4 

5629-3 

(5466-1) 

(6443-6) 

(6423-6) 

(6391-9) 

5362-1 

5332-7 

5284-3 
(6219-9) 
(6216-3) 
5194-6 
5190-1 
6177-1 
5ir4-7 
5168-6 
5162-8 
6124-2 
5106 2 
6101-2 
5082-2 
60715 
5049-2 



5009-2 
6006-2 
4998-7 
4973-1 
4947-8 



Thal^n 
c 



5593-5 



5627-7 
5466-5 
6443-5 
64230 
5391-6 
6366-0 
6332-0 
5312-6 
5286-0 
/ 6220-0 
\ 6216-6 
6205-5 
51880 
51740 
5172-0 
5160-0 
61420 
51120 
5102-7 
5098-2 
6077-0 



5030-5 
5020-6 



4994 
4967-5 
4941-0 



Hasselberg 



5456-7 
5443-6 
54240 
5392-4 



5284-7 
r6219-8 
\ 6216-2 

6188-8 

5172-2 
5160-8 

5112-8 
5102-4 
5098-2 
5077-6 



4997-7 
4972-4 
4945-3 



Intensity 
and Character 


Osc. Freq. 


2 


14791J 


2 


14896^ 


2 


14962J 


2 


16017* 


8 


16406* 


1 


16837* 


1 


16867* 


2 


17430* 


2 


17496* 


2 


17697* 


2 


17634* 


2 


17741* 


2 


17S72C 


2 


17940* 


2 


18057* 


2 


1S085C 


7 


lS323cd 


8 


lS365cd 


9 


ISi^Scd 


9 


18641^^ 


2 


186690 


2 


187490 


1 


188180 


3 


189150^^ 


8 


m52ed 


10 


191660^ 


1 


192060 


2 


192680^ 


2 


193220 


2 


193290^ 


2 


19373orf 


2 


194420 


2 


1956501^ 


6 


Id5d2cd 


6 


19609o<^ 


8 


19690o<^ 


1 


19712* 


1 


19799* 


1 


198730 


1 


199120 


2 


19957* 


2 


19973* 


5 


20012o</ 


3 


20n&cd 


2 


20225cd 
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Ch lobinb — eontinued. 





Spark Spectram 
















Intensity 
and Character 


Osc Freq. 


Salet 


Plticker 


Thal^n 


Haaselberg 


a 


b 


c 


d 








4941-6 


4936-0 


4937-9 


2 


20251ed 




4932-7 






2 


20267b 


4920 


(4924-4) 


4923-6 


4925-3 


5 


203010^ 


^4908 
X4896 


(4917-8) 


4916-5 


4917-2 


6 


203310^ 


(4900-0) 


/ 4903-2 
\ 4895 5 


/ 4904-4 
\ 4896-9 


7 
7 


20386c^ 
20418^;^ 


4820 


(4818-7) 


4817-7 


4819-8 


10 


20746crf 


4810 


(4809-7) 


4809-7 


4809-7 


10 


20785<»; 


4795 


(4793-4) 


47930 


4793-9 


10 


20S5ecd 




4782-3 






2 

• 


20904& 


4785 


4778-5 


4779-6 


4780-8 


5 


20914<^ 




47736 


4773-5 




2 


209i2be 


4770 


4768-6 


4768-0 


47690 


4 


20d65cd 




4767-3 






6 


20970J 




47631 






2 


21033& 


4740 


4736-6 


4739-0 


4739-7 


6n 


21094^ 




47000 


4704-5 




3 


212500 






4698-0 




1 


21279<? 






46600 




2 


21453tf 






f 46480 




4 


21508<; 




4641-2 


< 46400 




4 


21545c 






[46380 




4 


215540 




4627-3 






2 


21604^ 




4606-2 


46080 




1 


216950 




45951 


4696-0 




2 


217610 


4575 


4589-8 


4690-6 




2b 


217770 




4581-8 






1 


218196 




4671*4 






1 


218686 




4565-7 






1 


218966 




4545-2 






1 


219946 




45361 






1 


220396 




4626-1 


46270 




2 


220866 




4504-8 






1 


221926 




4496-5 






1 


222326 




4489 6 






1 


222676 


4352 


4346-6 






8n 


230006 




4338-8 






2 


230426 


4315 


4313-1 






4n 


231786 




4296-0 






2 


232766 




42821 






1 


233466 




4278-3 






1 


233676 


4260 


4259-3 






3b 


234716 


4130 








2n 


242066 



Ingrstr^m gives lines of Chlorine at 5460, 5399, 5213, 4940, 4895, 4820, 4808, 4793, 
4647, 4630. 
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1. 1 


Spark Spectrum 


II. Arc Spectnim 


Intensity 
and Character 


OscFreq. 


Huggins 


Thalia 


Kirchhoff 


O 

AngstrSm 
andThal^n 


Liveing 
and Dewar 


I. 


II. 


a 


b 


c 


d 


e 








6659 






«. 








IBOIU 


6499 














15382^1 


6461 








- 






15473a 


6436 














15633a 


6167 














16237a 


6116 














16346a 


6100 














16389a 


5790 














17269a 


6784 














n2SAa 


5780 














17293a 


5638 














17731a 


6606 








• 






17836a 


5411 


♦6409-1 


5408-9 


5409-1 




8sc 




18482ft^ 


5346 


6342-6 








28d 




•18712* 


5342 


♦6341-1 








28d 




18717ft 


6321 


♦6318-1 
6313-1 








2sd 
2sd 




18798J 
18816& 


6295 


/ ♦5296-7 
\ 5296-2 








2sd 




18874& 








2sd 




18876& 


6274 


♦6274-4 








4sd 




18954ft 


5265 










Isc 




18988ft 


5264 


♦5263-5 








4sd 




18993ft 


5252 


5264-1 








4sd 




19027ft 


5246 


6246-5 








4sd 




19056ft 


5236 










1 




19093a 


5224 










1 




19137a 


5207 


♦5207-8 


5207-6 


$5207-8 


(5207-8) 


lOsc 


r 


19197ftc 


6203 


♦6206-4 


5205-4 


6206-4 


(5206-4) 


lOsc 


r 


19202ft 


6202 


♦5203-9 


5203-9 


5203-9 


(6203-9) 


lOso 


r 


I9211fttf 


6152 










2 




19404a 


6104 










1 




19587a 


4921 


4924-1 








4sd 




20303& 


4886 










1 




20460a 


4876 










1 




20503a 


4871 










1 




20624a 


4862 










1 




20562a 


4829 










1 




20702a 


4824 










2 




20724a 


4788 










1 




20879a 


4756 










1 




21020a 


4763 










1 




21033a 


4738 










1 




21100a 


4730 










1 




21135a 


4718 










1 




21189a 


4662 


46540 




46540 




4sd 




21485ft 


4648 






r 


4660-5 


1 




21497^ 



40 



Crboxium — eonHnued. 



I. 


Spark Spectrum 


II. Aro Spectram 


Intensity 
and Character 


Osc. Freq. 


Huggina 


Thal^n 


Lockyer 




AngstriJm 
and Thaldn 


Liveing 
and Dewar 


I. 


II. 


a 





e 


d 


e 








4646 


*46466 




4646-5 


(4646-4) 


4sd 


21515* 


4631 














21587tf 


4615 














21662a 


4600 














21732a 


4687 














21794a 


4669 














21928a 


4646 














21942a 


4541 














22016a 


4535. 














22044a 


4629 














22074a 


4524 














22097a 


4497 


44963 




4496-3 




48d 




22239* 




4381-9 




4381-9 




48d 




22814* 




4369-2 




4369-2 




4sd 




22886* 




43691 




4369-1 




4sd 




22934* 


4360 


4351-8 




4361-8 




8sc 




22972* 


4343 


♦4344-4 




4344-4 




8sc 




23011* 


4341 


4338-2 




4338-2 




8SC 




23044* 


4337 


4337-5 




4337-5 




8sd 




23046* 




4336-8 




4336-8 




6sd 




23062* 


4289 


*4289-4 




4289-4 


(4289-4) 


106C 


r 


23306* 


4274 


♦4274-6 




4274-6 


(4274-6) 


lose 


r 


23387* 


4265 


♦4263-9 




4258-9 


(4253-9) 


lOsc 


r 


23601* 


4227 














2.J651a 


4216 




3992-1 
3991-0 
3989-2 
39836 
3988-2 
3976-5 
3968-8 
3967-8 
3962-7 
3940-5 
3927-8 
3920-1 
3918-3 
3916-6 
8908-2 




r3606 

< 3593 
13578 
13446 

3217 ? 
f 2799-8 

< 2797 
1 2794 

2779-6 




r 
r 

r 
r 
r 

T 

r 

r 
r 


23712a 
26042c 
26049c 
25060c 
25095c 
25098c 
25146c 
25189c 
25195c 
25228c 
25370c 
25452c 
25602c 
25613c 
25631c 
25579c 
27723c 
27823c 
27940c 
29011c 
31075C 
35705c 
36741c 
35779c 
35966c 



• Observed by Lecoq de Boisbaudran in the Spark Spectrum of Cbrominm Chloride solution, 
t Double. X S^ li-on ; the solar line here is double. 
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Kirchhoff, * Abh. BerL Akad.* 1861. 

Huggins, * Phil. Trans/ 1864, p. 139. 
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Angstrom, * Recherches sur le Spectre Solaire,* 1868. 
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Lockyer, * PhiL Trans.* 1881, pt. lU. 

Comu, * Spectre Normal du Soleil,' Paris, 1881. 





I. Spark Spectnim. 




II. 
Arc Spectrum 


Intenftity 
and Character 


Osc. Freq. 


Huggins 


Thaldn 


Kirchhoff 


Schuster 




Angstrom and 
Thfll^n 


I. 


II. 


a 


b 


c 


d 


e 








§*6463 










In 


16492d( 


6349 










Is 




15746a 


6298 










Is 




15873« 


6275 










Is 




15932a 


6247 










Is 




16003a 




t6142-7<« 


614.3-0 






6sc 




16277ftc 




f6l21*4W 


6120-9 






6sc 




l63S2bo 


*6116 










In 




16346a 


*6084 










Is 




16432a 


♦6047 










Is 




16532a 


*6002 


}6003*7 


6002-6 






8nc 




16653^0 


6000 










Is 




16662a 


*5989 










Is 




16692a 


6983 








» 


Is 




16709a 


6915 










2s 




16901a 


6843 










2s 




17110a 


6838 










Is 




17124a 


♦6644 










Is 




17713a 


♦5634 










Is 




17744a 


♦6690 










Is 




17884a 


♦6481 


t5482-5W 


6482-6 


(5482-6y«) 




4sd 




18235JC 




t^5462ic») 


6452-4 


64521(3) 




6sc 




lS3S6bcd 


♦6443 


t54431«) 


54430 


(5443-iy*) 




6sc 




18366&C 


6379 














18686a 


♦6368 


t5368-lW 


6368*6 


(5368-l)W 


6368-1 


6sc 




lSe22bc 


6360 


t6362-7^«) 


5362-2 


(5362-7)(3) 


6362-7 


2sd 




18643^ 


♦6356 


t6369-6W 


6358-6 


(5359 6)W 


5359-6 


2sd 




18664&C 


6361 


t5362-6(4) 


5352-6 


(5362-5)(5) 


6.352-5 


6sc 




18677^'c 


6360 


t6351-3C4) 
t5342-6W 


5351-2 


(6351-3)(« 


5351-3 


6sc 




18681^0 


♦6344 


6342*3 


(6342-6)C6) 


5342-6 


2sd 




18713&C 


§6338 


t5342-lW 


6341-6 


(53421)(«) 


6342-1 


2sd 




1S7 I 6bc 


6329 










Is 




18760a 


6320 










Is 




18791a 


6317 










Is 




18802a 


63 13 










Is 




18816a 


6309 










Is 




18830a 


6290 










Is 




18898a 


6286 










Is 




18916a 


62811 
♦6279/ 


§t5279-6W) 


5279-8 


(5279-6)fs) 


5279-6 


6sc 




ISdSBho 


5274 






6276-2 




Is 




18951^ 


♦5267 


t5267-2W 


6267-7 


(5267-2)(3) 


5267-2 


2sd 




lS97Qbo 


6265 


§t5265-9(4) 


6265-6 


(5265-9y5) 


5265-9 


6sc 




18985ft6- 


♦6254 






(6254)(i) 




Is 


/ 


19027fl 


6252 






(5252)a) 




Is 




19036a 


5249 






(5249)(i) 




Is 




19046a 
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Cobalt — continued. 



I. Spark Spectrum 




II. 

Arc Spectrum 


Intenflity 
and Character 


Obc. Freq. 




Huggins 


Thal^n 


Kircbhoff 


SchoBter 


o 
Aii^tr5m and 

Thal^n 


I. 


II. 


a 


b 


e 


d 


e 










6247 






(5247)(i) 




iB 


19063a 


♦6234 


i 


^5234-6W 


6234-6 


(6234-4y3) 


6234-3 


28d 




IdOQdbc 


6228 


* 


5230-2W 


6230-2 


(5230-2)(8) 


6230-2 


2sd 




191142^ 




♦6213 




'6212-2W 




(62l2-2)(*) 




2Bd 




19180& 




6200 














19226a 


• 


♦6190 










iB 




19262^ 




♦6184 










Is 




19285a 




♦5166 






6168-6W 




Is 




19379d 




♦6147 






r6156-l(«) 
\6134-3W 




}■■ 


{ 


19393^ 
19471^ 




♦6128 






6127-K*) 








1949Sd 




6105 






6110-2(« 




In 




\96e3d 




5074 










In 




19702a 




6061 










In 




19763a 




6064 










Is 




19780a 




6028 










Is 




19883a 




4967 










Is 




20127a 




♦4870 


"4867-lW 


4867-6 


(4867-iy«) 


4867-1 


lOsc 




20539ftc 




♦4841 


• 4839-lW 


4839-9 


(4839-iy5) 


4839-1 


lOsc 




20657*^ 




♦4814 


■ '4813-6^ 
• •4791-8(*> 


4813-4 


(4813-6)(« 


4813-6 


lOeC 




2076dbc 




♦4793 


4791-7 


(4791-8)(« 


4791-8 


lOsc 




20863^^ 






♦t4778-8W 


4778-9 


4779- IW 


4778-8 


lOsc 




20920*^ 




♦4751 


t4748-6 


4749-2 


(4748-6y») 


4748-6 


4sd 




2\05lbc 




4737 










Is 




21104a 




4720 






4716-8 
4694-1 




Is 
Is 
Is 




21180a 
21196^ 
2l297d 




♦4683 






4683-1 
4664-3 




Is 
Is 




21347^ 
21433<2 


• 


♦4581 


|lt4580-8W 


. 4580-8 






4sd 




21824^^? 




♦4566 










6n 




21899a 




♦4549 










Is 




21976a 




♦4630 


t4630-6W 


4630-4 




4630-6 


4sd 




22066ftc 




♦4120 










2n 




24265a 




4119 










Is 




24270a 




4113 
♦4097 










Is 
In 




24306a 
24401a 




Lockyer 










• 


3997-3 
3994-6 
3991-0 
3989-7 
3978-8 
3977-8 
3973-8 






26009 
25026 
25049 
25057 
25126 
26126 
26157 








• 




3972-4 
3971-6 
3960-3 
39570 
3951-9 
3961-1 
39460 
3940-8 
8939-7 






26166 
25168 
26243 
26264 
25297 
26302 
25334 
25368 
26376 














3937-7 






26388 
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Cobalt — continued. 



Spark Spectrum 


Arc Spectram 

m 


Intensity 
and Character 


Osc. Freq. 


Comu 


Lockjer 


3501-8 
3462-0 
3453-2 
3443-0 
3403-8 


3934-9 
3928-3 
3921-8 
3919-8 
3916-5 
3909-2 
3905-8 


• 


25406 
25449 
25491 
25504 
25525 
25569 
25595 
28548 
28876 
28950 
29036 
29370 



* Observed in the Spark Speotmm of Oobalt Chloride solation by Lecoq de Boisbaudran, vrho gives also 
lines at 5524, 4663, 4629, 4599, 4471, 4373, 8997. 

t Observed also by Lockyer. The * indices' attached to these nnmbers, and to those by Schoster, represent 
the comparatiye 'lenfifths* of the lines. 



Not identified (I^xd^er). 



$ Double. 



II See Calcium and Iron. 
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Liveing and Dewar, 'Proc. Boy. Soc* xxix. 402, 1879 j *Phil. trans.' clxxlv. p. 205, 1883. 

Hartley and Adeney, * Phil. Trans.* clxxv. p. 63, 1883. 

















^ S 




I. Spark Spectrum 


II. Arc 
Spectrum 


itens] 

and 

larac 




I. Spark Spectrum 


II. Arc 
Spectrum 


ntena 

and 

larac 










'-' O 


Osc. 
Freq. 






- o 


Osc. 
Freq. 






Liveing 






Bartley 


Liveing 




Thal^n 


Eirchhoff 


and 


I. 




Thal^n 


and 


and 


I. 








Dewar 






Adeney 


Dewar 




a 


b 


c 






a 


b 


c 






6380-G 






8so 


15669a 


4275-0 


4274-2 




4sd 


23387a& 


6218-5 






2sd 


16077a 




3598-9 




3sd 


27778«» 


t*5781-4 


5782-0 




8sc 


17292a 




3596-6 




3sd 


27796J 


*5700-6 






lOsc 


17537a 




3523-6 




2sd 


28371* 


*5292-l 


6291-7 




8sc 


18890a 




35104 




2sd 


28478* 


t*5217-3 


5217-7 




lOsc 


19161a 




34832 




2sd 


28700* 


*6152-8 


5152-7 


(5152-8) 


lOscr 


19401a 




3478-8 




2sd 


28736* 


t*6105-0 


6104-9 


(5105-0) 


lOscr 


1958.Sa 




3471-6 




2sd 


28796* 


5011-5 






4sd 


19948a 




3455-8 




2sd 


28927* 


4955*6 






6nd 


20173a 




34501 




2sd 


28976* 


4982-6 






6nd 


20267a 




§3381-0 




Isd 


29568* 


4911-6 






6nd 


20354a 




113306-8 




5sd 


30232* 


47031 






6sd 


21256a 




113289-9 




5sd 


30387* 


*4660-7 


4650-3 




68d 


21496a 




32821 




4sd 


30459* 
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COPPBR — continued. 



I. Spark 


II. Arc 


Intensity 
nnd 




I. Spark 


II. Arc 


Intensity 
And 




Spectrum 


Spectrum 


Character 


y^ ans 


Spectrum 

• 


Spectrum 


Character 


^^ ^^ 








Osc Frcq. 








OdC Freq. 


Hartley 


Liveing 




Tl 


Hartley 


Liveing 




A 


and 


and 


I. 




and 


and 


I. 




Adeney 
a 


Dewar 
h 




Adeney 
a 


Dewar 
ft 




§113280-1 




2sd 


30478a 


2522-7 




Ind 


39627a 


113273-2 




98C 


30542a 


2622-1 




Ind 


39637a 


3265-2 




3sd 


30617a 


(2518-3 
12617-5 




Ind 


39697a 


3260-2 




2sd 


30664a 




Ind 


39699a 


|!3246-9 




lOsc 


30789a 


2613-2 




Ind 


39779a 


? 3243-9 




2sd 


30827a 


2612-2 




Ind 


39793a 


7 3233-4 




2sd 


30918a 


2508-7 




Ssd 


S9849a 


3139-7 




2sd 


31850a 


§2606-2 




6sd 


S9888a 


3134-2 




2sd 


31896a 


. 2497-4 
1 2496-9 




Isd 


40029a 


3123-7 




3sd 


32003a 




Isd 


40053a 


3116-7 




28d 


32086a 




r 2491-4 




3sc 


40126a 


8107-4 




Ssd 


32169a 


. 


2489-1 




6sd 


40162a 


3097-8 




2sd 


32271a 




^2486-6 




6sd 


40219a 


3035-6 




2sd 


32933a 


' '2481-8 




Ssd 


40280a 


3023-4 




2sd 


33066a 


2478-2 




.28d 


40339a 


2959-6 




3sd 


33778a 


2475-1 




Isd 


40389a 


2882-4 




2sd 


34682a 


i §2473-2 
1 2468-4 




66d 


40420a 


2877-4 




3sd 


34743a 




Ssd 


40499a 




2852-0 




35062a 


2466-2 




Ind 


40651a 


2836-6 




3sd 


36243a 


2461-5 




Ind 


40612a 


28232 




38d 


35409a 


2458-2 




Ind 


40667a 




/ 2802-4 




35672ft 


2462-5 




Ind 


40761a 




2795-2 


1 


36764ft 


2446-7 




Ind 


40868a 




12779-4 




36967ft 


2444-1 




Ssd 


40901a 


2769-1 




78d 


36101a 


2441-6 




Ssd 


40943a 


§♦♦ 2766-2 




3sd 


36139a 


2439-8 




Isd 


40974a 


2745-9 




3sd 


36417a 


2435-7 




Isd 


41042a 


2721-2 




4sd 


36738a 


2430-3 




Isd 


41134a 


■ 2718-4 




4sd 


36776a 


2428-2 




Isd 


41169a 


27131 




6sd 


36847a 


2426-1 




Ssd 


41222a 


2702-7 
2700-5 
2688-8 




7sd 


36989a 


2422-0 




Isd 


41276a 




7sd 


37019a 


2412-2 




Ssd 


41442a 




7sd 


37180a 


2404-8 




Ssd 


41670a 


2666-0 




38d 


37498a 


2403-3 




6sd 


41696a 


2643-6 




Isd 


37826a 


2400-1 




6sd 


41661a 


2617-8 




3sd 


38188a 


2393-0 




Isd 


41776a 


2608-9 




2sd 


38333a 


2392-2 




Isd 


41789a 


.2699-7 

12598-3 




7sd 


38464a 


2386-2 




led 


41911a 




7ad 


38476a 


2376-7 




Ssd 


42061a 


25901 




3sd 


38597a 


/ 2371-6 




2sd 


42151a 


,25730 
1 25720 




2nd 


38853a 


. 


2370-1 




9b' 


42178a 




2nd 


38868a 




i 2368-7 




2sd 


4220Sa 


2570-9 




28d 


38885a 


♦♦2365-8 




1 


42266a 


2666-3 




2nd 


38970a 


1 2367-2 
1 2356-0 




68d 


42409a 


2653-7 




Ind 


39147a 




2sd 


42460a 


2652-2 




2nd 


39170a 


f 2348-8 
1 2346-2 




2sd 


42660a 


2544-6 




Ssd 


39287a 




2sd 


42609a 


2638-2 




2nd 


39386a 


2336-6 




Ssd 


42784a 




2533-9 




2nd 


39462a 


( 2303-8 




Isd 


43393a 




.2531-4 




2nd 


39491a 


■ 


2300-6 




Isd 


43466a 


, 2528-8 




6sd 


39529a 




^ 2297-6 




Isd 


43612a 


^ 


25262 




6sd 


39673a 


1 
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COPPBB — eontimied. 



I. Spark 


II. Arc 


Intensity 
and 




I. Spark 


II. Arc 


Intensity 
and 




Spectrum 


Spectrum 


Character 


Osc. Freq. 


Spectrum 


Spectrum 


Character 


Osc Freq. 


Hartley 


Liveing 




Hartley 


Liveing 




and 


and 


I. 




and 


and 


I. 




Adeney 
a 


Dewar 
b 


t 


Adeney 
a 


Dewar 
b 




i 2296-0 
» 2294-6 




* 

68d 


43548a 


2214-1 




2sd 


46151a 


2294-1 


3sd 


43573ad 


(2211-8 
1 2210-8 




68d. 


45208a 


2291-4 




3sd 


43626d( 




3nd 


45218a 


2286-7 


- • 


3sd 


43718a 




2209-7 




45241J 


2279-6 




2sd 


43854a 


/ 2208-8 

2200-3 

i 2199-8 




28d 


46259a 


22770 


2271)0 


6sd 


iSdUab 




3sd 


45434a 


2265-8 




2sd 


44121a 


2199-2 


Ind 


46460a6 


(2263-9 
1 2263-2 


2263-6 


3nd 


44162a» 


2196-5 




3sd 


45512a 




3nd 


Un2a 


(2192-0 


2191-8 


6sd 


45608aft 


2257-7 




28d 


44279a 




2191-2 




3nd 


46627a 


2250-0 




28d 


44431a 




2189-6 


2189-2 


68d 


45660ad 




^2248-2 




9sd 


44466a 




2188-5 


• 


3nd 


45683a 




2247-7 • 




3nd 


44476a 


2181-0 




Isd 


46836a 






2246-6 




44498» 


( 21790 
12178-0 


2178-8 


58d 


45880a* 




2244-0 




9sd 


44549a 




3Dd 


45899a 




12243-5 


2242-2 


3nd 


44573aft 


2174-5 




3sd 


45973a 


/ 2233 




3sd 


44769a 


2148-8 


2148-9 


Ssd 


46620a* 




2232-2 




3sd 


44735a 


2136-8 


2135-7 


3sd 


46808a* 


fli 


2231-2 




5sd 


44805a 


2134-2 




2nd 


46841a 




2230-0 




5sd 


44829a 


2124-4 




Ssd 


47057a 




2229-1 


2229-6 


38d 


44843a5 


21240 




2nd 


47066a 


^2228-1 


2228-3 


3sd 


44865a» 


21221 




38d 


47108a 


f 2227-0 
i 22260 




Isd 


44889a 


2121-5 




2nd 


47121a 




Isd 


44910a 


21160 




Isd 


47243a 


(2219-3 
12218-5 




6sd 


45045a 


2110-5 




Isd 


47366a 




3nd 


45061a 


21030 




Isd 


47636a 




2217-5 




45080* 










( 2216-5 
1 2215-8 




Bnd 


45102a 












3fc.d 


45n6a 











* Obserred by Lecoq de Boisbaudran in the Spark Spectrum of solution of (Copper Chloride, 
t Observed (together with the Bands of the Oxide) by Lecoq de Boiitbaadran in the Spectrum given by 
Copper Chloride In the flame of a Bunsen burner. 

§ See Silver. | See Tellurium. ** See Cadmium. 
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DiDYMIUM. 

Gladstone, •CJhem. Soc. Journ.* x. 219. 

Buneen, • PhU. Mag.' (4) xxviu. 246 ; xxxii. 177 ; I. 527, * Fogg. Ann.' civ. 366. 

Kirohhoff, * Abh. Berl. Akfed.' 1861. 

Delafontaine, * Pogg. Ann.' cxxiv. 636. 

Thal^n, » Om Spektra tillhorande Yttrium Erbium Didym oohLantham,' Stockholm, 1874. 

Lookyer, * Phil. Trans.* 1881, pt. iii. 

Thal6n,*0fver8igt k. Vetensk. Akad Forhandl.' xl. 1883. 




Spark Spectram 



6740-0 
63850 
63460 
6309-0 
63010 
6296-0 

62660 
6222-0 
6177-0 
6165-5 
61480 
61320 
61200 
61130 
§61070 
60720 
6071-0 
6064-6 
6033-0 
6007-0 
6996*6 
69930 
6988-0 
6867-0 

68670 
6846-0 
6841*0 
6826-0 
6832-0 
6814-0 

KROa-C 



6707-0 
5701-5 
56SS-0 
5675-0 
5645-0 
5639-0 
5634-0 
5619-5 
5604^ 
3601*0 



SJrchhoflf 
b 



^ 


§ 


1 C3 S 




* fi 


s 





6293-7 Di. La. 



6860-6 Di. La. 



5806-2 

.^^san-i 

J5795-9 
5790-0 

' 57S6-1 
5767-7 



Di.La. 
Di, La. 
Di.La. 
Di.I«a, 
Di.La. 
Di.La, 



4s 
4s 
Is 
Is 
Is 
2s 

Is 
2s 
2s 
2s 
2s 
Is 
Is 

28 

Is 
2s 
2s 
2s 

28 

Is 
Is 
Is 
Is 
In 

In 
In 
In 
In 
In 
In 
2sc 

2s 



Ss 
Is 
4s 
4s 
Is 



Sis 
Ss 
Is 
In 



I 



I 



Osc. 
Freq. 



14832a 
16667a 
16753a 
15846a 
15866a 
16878a 
15884ft 
15980a 
16067a 
16184a 
16215a 
16261a 
1630.3a 
16335a 
16354a 
16368a 
16464a 
16467a 
16485a 
16571a 
lR642a 
16674a 
16681a 
16695a 
17040a 
17068ft 
17069a 
17103a 
17116a 
17159a 
17171a 
17196a 
17218ft 
17227a 
17248ft 
17266ft 
17:?78ft 
17332ft 
17517a 
175a4a 
17579a 
17616a 
17709a 
17728a 
17744a 
17788« 
17839a 
17849« 



Spark Spectrum 



ThaMn 
a 



5593-6 

5586-5 

t56610 



{54850 

5478-5 

54500 

6448-5 

64470 

5442-6 

6430-5 

64220 

6416-0 

6409 

6393-0 

63825 

63800 

53766 

♦6371-0 

*6360-6 

6356-6 

6322-0 

♦6319-0 

6311-6 

♦t5302-0 

♦6292-6 

6286-0 

6276-0 

♦6272-5 

♦5268-6 

♦6263-5 

6258-5 

♦5254-5 

6249-6 

♦5248-5 

5239-5 

♦6233-5 

6219-5 

521 1-5 

5203-5 

6199H) 

5194-5 

♦5191-6 

♦6190-5 

6179-0 

6173-0 



Kirchhoff 
ft 



5693*2 
5687-1 

5501-9 Di. La. 
5500-6 Di. La. 
54841 Di. La. 

{5452-6 Di. La. 



6431-2 



5359*9 

53191 
6301-3 Di. La. 



6272*7 

6258-4 
6264*6 

5247-9 

5233*7 



5191-8 Di. La. 
: 5190-7 Di. La. 






Osc. Freq, 



4s 


n%i%a 


2s 


17892« 


2s 


17977dJ 




18171ft 




18181& 


6s 


18226a( 


Is 


18248a 




18335ft 


2s 


18343^7 


In 


18348a 


2s 


18353a 


2n 


18369a 


3n 


18409a 


In 


18438a 


Is 


18458a 


Is 


18482a 


In 


18537a 


In 


18673a 


In 


18582a 


In 


18594a 


6s 


18613a 


6s 


18649a 


4s 


18663a 


4s 


18784a 


8s 


18795a 


2n 


18821a 


2n 


18855a 


8s 


18889a 


is 


18912a 


2n 


18948a 


68 


18961a 


2n 


18975a 


In 


18993a 


4s 


19011a 


4s 


19026a 


Is 


19044a 


8s 


19047a 


2s 


19080a 


3s 


19102a 


2b 


19153a 


In 


19183a 


2s 


19212a 


2s 


19229a 


2s 


19246a 


6r 


19257a 


6s 


19260a 


4s 


19303a 


4s 


. 19326a 
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DiDTHiux — eontinutd. 



Spark Spectrum 


Intennixy 

and 
Character 


OscFreq. 


Spark Spectrum 


Intenflitv 

and 
Character 


Osc. 
Freq." 


Thal^n 
a 


Kircbhoff 
b 


Thal^i 
a 


Kirchhoff 
b 


5164-5 


• 


Is 


19357a 


4718-6 




2s 


21187a 


5132-6 




29 


19478fl5 


4716-0 




Is 


21203a 


5131-5 




Is 


19482flf 


4709-0 




Is 


21230a 


*6 129-6 


5127-7 


6s 


19489a 


47060 




4s 


21243a 


5123- ) 


5122-2 Di. Ta 


4s 


19613a 


♦{4703-6 




2n 


21264a 




6113-8 Di. La. 




19649& 


4696-0 




2b 


21293a 


5110 6 




48 


19562a 


t4688-0 




lb 


21326a 


5107 




2s 


19676a 


4682-5 




4s 


21360a 


5105 




Is 


19683a 


4679-6 




2s 


21363a 


51020 




4s 


19694a 


4670-5 




lb 


21406a 


♦50920 




3s 


19633a 


4663-6 




2s 


21483a 


5086-0 




Is 


19666a 


4633-0 




4s 


21678a 


50790 




3s 


19683a 


4621-5 




4s 


21631a 


5076-0 




ds 


19696a 


4678-0 




2s 


21837a 


5063-6 




2n 


19743a 


4663-0 




28 


21909a 


50340 




2n 


19869a 


4642-5 




28 


22008a 




4999-8 Di. La. 




19996^ 


♦4541-5 




2s 


22013a 




4994-2 Di. La. 




20017ft 


4516-0 




28 


22137a 


49890 




3s 


20038a 


4609-0 




2s 


22171a 




4969-6 Di. Ta 




20116ft 


4501-5 


, 


2s 


22208a 


4960 5 




28 


20163a 


4496-0 




28 


22236a 


4968-0 




4s 


20163a 


♦44«2-5 




7s 


22402a 


4954-0 




4s 


20188a 


4466-6 




2s 


22438a 


49430 




4s 


20224a 


4451-6 




7s 


22468a 




4933-9 Di. La. 




20262ft 


4446-0 




7s 


22484a 


4923-5 




6s 


20306a 


{4429-0 




4n 


22672a 




4921-6 Di. Tia. 




20313ft 


4410-0 




4s 


22669a 


4920 


4920-7 Di. La. 


4n 


20319a 


♦4401-0 




Is 


22716a 


J4913-0 




2s 


20348a 


4385-5 




58 


22796a 


*4912-0 




2s 


20362a 


43750 




Is 


22860a 


49010 




4s 


20398a 


4368-0 




2s 


22887a 




48991 Di. Ta. 




20406a 


4367-6 




4n 


22949a 


4896-5 




5s 


20416a 


43610 




3ii 


22976a 


4890 




5s 


20444a 


4338-5 




2s 


23043a 


4888-0 




2s 


20462a 


4334-5 




Is 


23064a 


48810 




58 


20482a 


4327-5 




6s 


23101a 


4866-0 




Is 


20646a 


♦4325-0 




48 


23114a 




4860-2 Di. La. 




20669ft 


4303-0 


- 


6n 


23223a 


4858-5 




4s 


20677a 


4286-0 




2n 


23330a 


4824-0 




4s 


20724a 


{42820 




2n 


23346a 




4822-7 Di. Ta. 




20729ft 


4277-6 




n 


23371a 


48110 




4s 


20780a 


42720 




In 


23401a 


4788-0 


« 


3s 


20879a 


4261-0 




2s 


23462a 


4778-0 




38 


20923a 


4252-6 




2n 


23508a 


47630 




3s 


20989a 


4247-5 




4u 


23636a 




4746-5 Di. Ta. 




21062ft 


4181-0 




4n 


23910a 




4741-0 Di. La. 




21086ft 


41560 




4s 


24060a 




4740-0 Di. La. 




21091ft 


41090 




68 


24360a 


4731-0 




Is 


21122a 


40600 




6s 


24623a 


4724-0 




28 


21162a 






» 





The follo'ying lines between the wave lengths 3900 and 4000 have been observed by 
Lockyer in the aro-speetrum of Didymium, 39940, 3986-5, 3978-8, 3975-8, 3972-4, 3964-6, 
3963-9, 3963-3, 39629, 39621, 39613, 39611, 3967-0, 3960-9, 39601, 39406, 39379, 3926-1, 
3920-1, 39181, 3917-0, 39104, 39078, 39063, 3901*3. 



• These lines occur in Bosooe and Schuster's Terbium Spectrum. 

§ Possibly due to Chlorine. 



r Air? 



See Samarium. 
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Ebbium. 

Bunsen and Bahr, * Ann. Chem. Pharm.* cxxxvii. 1. 

Huggins, *Proc. Roy. Soc.' June 16, 1870. 

Bunsen, * Pogg. Ann.' civ. 366 ; » Phil. Mag.' (4) 1. 527. 

Thal6n, * Om Spektra Yttrium Erbium Didym och Lanthan.* Stockholm, 1874. 

Thal6n, * Of versight k. Vetensk. Akad Forhandl.' xl. 



Spark Spectrum 


Intensity and 
("haracter 


Osc. Freq. 


Spark Spectrum 


Intensity and 
Character 


Osc. Freq. 


Thal^n 


Thal^n 


60760 


4 


16463 


5041-5 


2 


19829 


6044-0 


2 


16540 


4961-0 


8 


20192 


6014-5 


2 


16622 


4899-0 


8 


20406 


5881-0 


4 


16999 


4871-5 


6 


20522 


58710 


4 


17028 


4830-0 


4 


20698 


58540 


2 


17077 


48190 


6 


20746 


5859-0 


1 


17089 


4794-6 


4 


20851 


5826-0 


8 


17159 


47620 


2 


20993 


57620 


6 


17360 


47580 


2 


21011 


57560 


4 


17368 


4760-0 


1 


21046 


57380 


2 


17422 


4678-0 


2 


21370 


57320 


2 


17441 


4674-0 


8 


21389 


56260 


1 


17769 


4606-6 


8 


21707 


5485-0 


4 


18226 


4665-5 


1 


21897 


54660 


2 


18323 


4662-6 


2 


21911 


5343-5 


6 


18709 


4652-5 


2 


21959 


5256-0 


8 


19029 


4500-6 


6 


22213 


5217-0 


6 


19163 


4474-5 


1 


22342 


5188-0 


6 


19270 


4458-5 


2n 


22423 


5164-0 


4 


19363 


44190 




22623 


51330 


2 


19476 


4409-0 




22674 


50700 


2 


19718 


4326-0 




23109 



Fluorine. 

S6guin, * C. R.' liv. p. 933, 1862. 

Salet, * Ann. Chim. Phys.' xxviii. p. 34, 1873. 

Liveing, * Proc. Cambridge Phil. Soc.' vol. iii. pt. iii. 



I. Flame Spectrum 


II. Spark Spectrum 


Intensity and Character 


1 
Osc. Freq. 


Liveing 


Salet 


I. 


II. 




[6920 






14447 




<^ 6860 






14673 




L6780 






14746 




6400 






16620 


6230 , 


6230 






16047 


6090 








16416 


6010 








16634 


5570 








17948 


6320 








18784 
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Gallium. 

Lecoq de Boisbaudran, *Ooiapt. Rend./ Ixxxii. 168. 
Liveing and Dewar, * Proc. Roy. Soc. xxviii. 482. 



I. Spark Spectrum 


11. Arc Spectrum 


Intensity and Character 


Oac Freq. 


Lecoq de Boisbaudran 
a 


Liveing and Dewar 
b 


I. 


IL 


4170 
4030 


4170 
4031 


lOsc 
6sc 


r 
r 


23974«> 
24803^^ 



Gold. 

KirchhofE, • Abh. Berl. Akad.' 1861. 

Huggins, * Phil. Trans.* 1864, p. 139. 

Thal6n, * Nova Acta Soc. Upsal.' (III.) vi. 

Lecoq de Boisbaudran, * Spectres Lumineux,* Paris, 1874. 

Liveing and Dewar, • PhiL Trans.' clxxiv. 2219, 1882. 



I. 


Spark Spectrum 


II. Arc Spectrum 


Intensity and Character 


Osc. Freq. 


Huggins 
a 


Thal^n 
h 


Rirchhoff 
c 


Liveing and Dewar 
d 


I. 


IL 


6710 








Is 




14899d( 


6670 








Is 




14988a 


6660 








Is 




16011a 


6457 








Is 




15483a 


6428 








Is 




15552a 


6304 








Is 




15858a 


62«1 








l8 




15891a 


♦6276 


6276-7 


6276-9 




8sc 




15927fe 


6961 


6960-2 


6968-2 




6sc 




16776fe<? 


*6964 


6966-2 


6964-4 




68C 




16788*<? 


t*6920 








Is 




16887a 


6880 








In 




17002a 


♦6862 








2s 




17054a 


♦6835 


5836-1 


5837-7 




lOsc 




ni21hc 


5790 








Is 




17266a 


t5758 








Is 




17362a 


♦5663 








Is 




17377a 


5580 








In 




17916a 


♦5:j31 


62302 


6230-2 




lOsc 




mUhe 


t^6067 








Is 




19730a 


♦4811 








Is 




20780a 


♦4793 


47921 


4791-6 




6sc 




208635(7 


♦4489 






31228 
2676-4 
2427-6 


3s 


r 

r 


22270a 
3201 2rf 
37358<f 
41181^ 



* Obserred also in the Spark Spectrnm of solution of Gold Chloride bj Lecoq de iiciLsbaudFan, who gives 
also lines at 5725, t5601, t6468, td347, t5310, t5287, 5259, t5242, t5212, 6172, 15143, t.>125, 4608, 443/, 4338, 431i, 
and 4064. 

t Observed by Lecoq de Boisbaudran in the Flame Spectrum of Gold Chlo.ide, as well as lines at 5477, 
M37, 5418, 5364, 5328, 5063, 5222, 6179, 5158, 6102, 5080, 5044, 4996, 4510 4480. 
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50 
Helium. 



Comu 
5874-6 



AngstrSm 
6874-9 



HyD£OQIK. 

Pliicker, *Pogg. Ann.' evil. 497. 

Plucker and Hittorf , * PhU. Trans/ civ. p. 21, 1865. 

Angstrom, *Pogg. Ann.* xcL 141, czxiii. ; 'Recherches surle Spectre Solaire.' 

Wullner, ' Pogg. Ann.' oxxxv. 497 ; cxxxvii. 337, 1868 ; cxliv. 481 ; * Wied Ann.' xiv. 355 ; 

• PhiL Mag.' (4) xxxvii. 405 ; xxxix. 366 ; Festschrift (Bonn.). 
Salet, * Ann. Chim. Phys.' xxviii. 28, 1873. 
Lockyer, * Proc. Roy. Soc.' xxx. 31, 1879, 

Vogei, * Monatsb. Berl. Akad,' 1879,586 : 1880, 190 ; * Ber.' xiii. 274. 
Seabroke, * Phil. Mag.' (4) xUii. 155. 
Hasselberg, * Bull. Acad. imp. St. Pet«rsb.'xi. 307, 1880; *M6m. Acad. imp. St. Petersb.' 

xxx. No. 7, 1882 ; xxxi. No. 14, 1883. 
Huggins, * Phil. Trans.' clxxi. (XL) p. 669, 1880. 
Liveing and Dewar, * Proc. Roy. Soc.' xxxv. 74. 
Balmer, * Wied. Ann.' (N. F.) xxv. 80, 1885. 



Elementary Line Spectrum 


Intensity 
and Character 


Osc. Freq. 


Angstrom 
a 


Vo«^el 
ft 


6562-1 
4860-7 
43401 
4101-2 


3969 
3887 
3834 
3796 
3769 


lOs 
8s 
6s 
4s 


U2Ma 
20567fl 
23034^1 
24376a 
25188ft 
25719ft 
26074ft 
26343ft 
26525ft 



Note. — Certain lines measured by Huggins in the photographic spectra of the stars 
are, in all probability, due to Hydrogen. They have the following wave-lengths — 3767*5, 
3745-6, 3730, 3717-5, 3707-5. 3699. 



Hydrogen. 



Compound 

Line 
Spectrum 


Intensity 

and 
Character 


1 
Osc Freq 


Componnd 

Line 
Spectrum 


Intensity 

and 
Character 


Osc. Freq. 


Compound 

Line 
Spectrum 


Inlensity 
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♦ Double. t Probably due to Mercury. 

A later series of observations by Hasselberg on the second spectrnin of Hydrogen will 
be found in the * Bull. Acad. imp. St. Fetersb.' xi. 203, 1884. 
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2664-7 


3sd 


38979 


/ 2365-8 
\ 2355-4 


Isc 


42436 


2559-5 


7sc 


39058 


28d 


42443 


2554-1 


3sd 


39140 


2353-8 


28d 


42472 


J2545-8 


2sd 


39268 


2351-3 


78d 


42517 


2527-1 


7sd 


39569 


2332-2 


2sc 


42866 


2520-9 


3sc 


39666 


2306-9 


9sc 


43334 


2492-7 


28d 


40104 


228?-3 


2sd 


43668 


r 2485-6 
\ 2485-1 


2sd 


40220 


2287-8 


28d 


43697 


2sd 


40227 


2264-4 


38d 


44148 


2478-3 


Ind 


40337 


2263-8 


3nd 


44160 


r 2470-2 
\ 2468-4 


5sd 


40469 


J 2249-2 
\ 2245-7 


3sd 


44446 


3sc 


40602 


3sd 


44516 


2462-6 


2nd 


40696 


2205-6 


2sd 


45327 


J 2460-8 
\ 2460-3 


5sc 


40624 


2202-0 


2nd 


46399 


2nd 


40632 


r 2194-0 

\2iyi-2 


3sd 


46664 


2447-4 


2nd 


40846 


3sd 


46623 


2443-7 


2nd 


40908 


2181-0 


3sd 


45836 


2433-6 


3nd 


41078 


2156-8 


2nd 


46371 


2431-0 


3nd 


41126 


2137-8 


2sd 


46762 


/J24290 
\ 2428-6 


Isc 


41156 


2078-1 


2nd 


48106 


38d 


41162 









* A line observed here when the Spark was takeii from the Chloride or filtrate, but not from the metal 
Itself. 

t See Tellurium. J See Tin. 

§ 4511 and 4101, Lecoq de Boisbaadran ; observed in the Flame Spectrum of Indium Salts, and in the 
Spectrum of the Spark between metallic poles. 
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Spark Spectmin 


Intensity 


Osc. Freq. 


Spark Spectrum 


Intensity 


Osc. Freq. 


PlUcker 


Salet 


Plflckcr 


Salet 


a 


h 






a 


* 






6861 




2 


14571a 


5377 


5370 


6 


18604a* 


6825 




2 


1464S0 


5365 




8 


18634a 


6757 




2 


14795a 


6339 


, r 5.348 


10 


18709a* 


6690 




2 


14943a 


6330 


''X5338 


10 


18742a* 


6640 




2 


15056a 


5314 




2 


18812a 


6576 




2' 


15202a 


5292 




2 


18891a 


6194 




2 


15394a 


5262 




4 


18998a 


6339 




2 


15771a 


5257 




4 


19016a 


6292 




2 


15889a 


6235 


^5243 


10 


19082a* 


6257 




4 


15977a 


5218 




2 


19168a 


6210 


6210 


4 


16098a& 


6209 




6 


19192a 


6169 




2 


16205a 


6176 




2 


19314a 


6154 




2 


16245a 


5166 




2 


19352a 


6131 


a6130 


8 


16307aJ 


5150 




2 


19412a 


6087 




2 


16424a 


5138 


/(5158 


10 


19419a* 


6073 


i86076 


9 


16459a& 


5107 




2 


19576a 


6067 




2 


16478a 


6102 




2 


19594a 


6956 


75960 


10 


16779a* 


5064 


y6065 


8 


19739a* 


6020 




2 


16887a 


6047 




2 


19808a 


5889 




2 


16976a 


5028 




2 


19883a 


5866 




1 


17042a 


4990 




2 


20034a 


6821 




2 


17174a 


4972 




2 


20107a 


5790 


,5790 


6 


17266a& 


4960 




2 


20156a 


5777 




5780 


10 


nSOOab 


4946 




2 


20212a 


5763 




5765 


10 


nSUab 


4922 




2 


20310a 


5739 


9a 


5740 


10 


174l8afe 


4886 




2 


20460a 


5713 


5715 


10 


17496a J 


4853 




4 


20600a 


6705 






2 


17523a 


4838 




1 


20664a 


5C96 




6695 


9 


17552aft 


4832 




1 


20689a 


6683 


^6685 


10 


17588a& 


4809 




2 


20788a 


5649 




2 


17697a 




/4676 
\4666 




21384a 


5632 


c6630 


10 


17753a& 






21426a 


5620 


6620 


3 


17788a& 


4636 


ir4634 


6 


21669a 


5607 


6610 


3 


17825a* 




r4480 
)4470 




22315a 


6600 




2 


17852a 






22365a 


5558 




2 


17987a 




'] 4456 
1.4450 




22440a 


5530 




2 


18078a 






22466a 


5611 




4 


18134a 










6499 


.5496 


9 


18185a* 










6494 






2 


18196a 










5482 






2 


18236a 










5468 


C 


5470 


10 


18279a* 










6460 




2 


18310a 










6441 




6447 


10 


18363a* 










6422 






2 


18438a 










5402 


6 J 07 


10 


18498a* 
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Iridium and Ruthknium. 

Kirchhoff, * Abh. Berl. Akad.' 1861. 
Lockyer, •Phil. Trans.' 1881, p. iii. 



I. Spark Spectrum 


II. Arc Spectrum 


Intensity and Character 


Obc. Freq. 


Kirchhoff 


Lockyer 


I. 


II. 


63471 
5449*7 
5299-2 


^ 3991-5 
3975-3 
39451 
3984 
3914-6 
3901-8 


2 
2 




15751 
18344 
18866 
25046 
25148 
25340 
25412 
25538 
25621 



Ibon. 

Kirchhoff, * Abh. Berl. Akad.' 1861. 

Huggins, 'Phil. Trans.' 1864, p. 139. 

Thal6n, •Nova Acta Soc. tJpsal.' (IH.) vi. 

Angstrom, * Becherches sur le Spectre Solaire,' 1868* 

Mascart, • Annales de TEcoles normale,* t. iv. 1866. 

Secchi, * Compt. Bend.' IxXvii. 173, 1873. 

Lecoq de Boisbandran, • Spectres Lumineux,' Paris, 1874. 

Comu, 'Spectre normal du Soleil'; *Ann. de I'Ecole normale,' 2nd ser. t. ix. 1880 ; 'Lei 

raies te&uriques ' ; * Journ. de I'Ecole polytechniqne,' liii. 1883. 
Liveing and Dewar, • Phil. Trans.' clxxiv. p. 210, 1883 ; * Proc. Boy. Soc' June 2, 1881. 
Lockyer, • Phil. Trans.' 1881, pt. iii. 
Thal6n, * Le Spectre du Fer.' 1884. 



I. Spark Spectrum 


II, Arc Spectnim 


Intensity and 
Character 


Osc. Freq. 


Huggins 


Thal^n 


Kirchhoff 


o 

Angstrom 
andXhal^n 


Fievez 
and Thal^n 


Liveing 
and Dewar 


I. 


II. 


a 


6 


c 


d 


e 


/ 














7591-6 






1 


13169 








75350 








1 


13268 








7613-4 








6 


13306 








7498-3 








6 


13332 








7448-1 








6 


13422 








74131 








6 


13486 








7390-6* 








6 


13527 








7351-6 








2 


13698 








7316-5 








1 


13664 








7307-1 








2 


13681 








7304 








1 


13687 








72901 








3 


13713 








7284-9 








2 


13723 








7280-7 








1 


13731 








7258-8* 








1 


13772 








7242-6 








1 


13803 






7237-6 








2 


13813 








7221-4 


1 






2 


13844 



* Calcium : 7323*0, 72771, 
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IBON — coTitinned. 



I. Spark Spectrum 


n. Arc Spectrum 

1 


Intensity and 
Character 


Osc. Freq. 


Hugging 


Thal^n 


Kirchhoff 




Angstrom 


Fievez 


Liveing 












andThal^n 


and Thal^n 


and Dewar 


I. 


II. 




a 


b 


c 


d 


« 


/ 














7217-2 








1 


13862 








r 7204-9 








4 


13875 


a 






i 7186-5t 
7180-1 
*7175-3 
7162-8 
7I54-4t 
7142-4 
7125-5 
7102-1 
7095-6 
7074-4* 
7052-8 
7047-9 
7027-1 
7020-7 
7014-9t 
7008-9 
7008-6 
7002-0 
6997-3 
6994-6 








8 

3 

1 

4 

1 

In 

1 

1 

1 

4 

1 

4 

In 

4 

In 

1 

4 

4 

1 

1 


13913 
13923 
13933 
13967 
13973 
13997 
14030 
14076 
14089 
14131 
14176 
14184 
14226 
14239 
14251 
14263 
14264 
14277 
14287 
14292 








6987-1 
6978 3 
69711 
6967-4 
6948-9 
6945-6 
6943-1 
6927-7 
6915-2 
69015 
6898-2 
§68S4-2 
6880-6t 








4 

1 

6 

1 

4 

1 

6 

1 

6 

2n 

1 

4 

2 


14308 
14326 
14341 
14369 
14387 
14393 
14399 
14430 
14467 
14487 
14492 
14522 
14529 


B 






f 6875-6t 
\ 6860-1 
6856-4 
6863-4 
68421 
6839-9 
6837-5 
6835-7 
6826-4 
6818-5 
6808-5 
6S06-8 
6802-3 
6789-7 
'6784-8 
6781-2 
6774-7t 
6753-6 








1 
2 
4 
6 
6 
6 
1 
1 
6 
2 
4 
1 
2 
2 
2 
1 
1 
1 


14540 
14673 
14681 
14687 
14611 
14616 
14621 
14625 
14646 
14662 
14683 
14689 
14697 
14724 
14734 
14742 
14767 
14802 



* = Ba? 



t Barium : 6870*0, 68650, 6770-3. 



t Calciam : 7199-3, 7146 2, 7111-2, 7040-0, 6877*0. 
$ The more refrangible of the solar pair. 
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Iron — continued. 



I. Spark Spectrum 


II. Arc Spectrum 


Intensity and 
Character 


Osc. Freq. 


Huggins 


ThaMn 


Kirchhoff 


Ang8tr5m 
and Thal^n 


Fievez. 
and Tbal^n 


Liveing 
and Dewar 


I. 


II. 


a 


b 


c 


d 


e 


/ 














6750-7 








2 


14809e; 








6748-6 








5 


14813rf 








6736-9 








In 


14839^ 








6731-8 








2 


14852^ 








6725-2 








4 


14865^ 








6714-3 








2 


14889<^ 








6711-8 








4 


14894^ 








6704 








3 


14912^ 








6702-3 








2 


14916^; 








6698-1 








1 


14925^ 








6694-41 
6676-9J 








1 


14933^ 














10 


Ud73d 








6666-6 

6662-5 

6652-8 

6645-7 

6638-4 

6632-7 

6626-5t 

6608 7 

6604-2 

6596-8J 

6594-3 

6592-2 

6580-3 

6573-6t 

6568-2 

6555-6 

65451 

6533 

6527-7J 

6517-3 

6508-3 

6503-3 

6500-7 

6498-3 

6496-1 

6494-2:: 








1 

2 
1 
2 
6 
2 
4 
1 
4 
4 

10 
1 
4 
8 
1 

10 
4 
1 
6 
4 
4 
4 
4 
4 

10 


14996^ 
nOObd 
15027<i 
150434 
I5060d 
15073<i 
150864 
151274 
151384 
151554 
151604 
151654 
151924 
152084 
152204 
152504 
152744 
153024 
153154 
153394 
153614 
153724 
153784 
153844 
153894 
153944 


6497 


6490-1 


6489-7 


6489-91 1 
6481 -OJ 
6474-8 
6468-5 






6sd 


4 
4 
4 


15406Jc4 
154254 
154404 
154554 


6460 






6461-7 
+6465-2 
6430-1 
6420-6 
6419-2 


• 


6461-7 


Is 


5 
1 
8 
8 
6 


154714/ 

154874 

155474 

155704 

155734 


6414 






6410-9 
6407-2 




6407 4 


Is 


8 
6 


155944 
156034^ 


6401 












Is 




15618<i 


6400 


*6399-3 


(6399-4) 


6399-3 






lOnc 


10 


15622^^4 



* Obserred by Lecoq de Boisbandran in the Spark Spectrum of Ferric Chloride solution, 
t Calcium : 6716-4, 6616-5, 6671-0, 6508-0, 6498-0, 6492*7, 6470*4, 6461-S, 6454*3, 6449*0, 6438-0. 



Barium : 6688*0, 6674*0, 6696*3, 6626-0, 6495*3, 6483-0. 



5 Angstrom ; • does not exist,' Thalto. 
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Iron- -contimied. 



I. Spark Spectrum 



Fluggins 
a 



6386 



63()0 



6338 



63:^0 



6306 



6254 
6246 
6231 



6190 



ThaMn 
b 



*6300-6 



*6245-6 
*6229-9 



*6190-7 



Kirchhoflf 



6301-4 



(6229-9) 



(61907) 



II. Arc Spectrum 



Intensit^'and 
Character 



Angj'trom 


Fievez 


Cornu 


and Thal^n 


and Thal^n 


d 


e 


/ 


6392-6 






6379-7 


6379-5 




63760 


6373-6 




6363-5 


6362-7 




t6361-2 


6360-6 




6357*7 


6357-3 




*6354-0 


63540 




+6343-2 
i63410? 


6344-0 








6338 


6338 




6335-9 


6336-0 




6334-3 


6334-3 




6330-6 


63290 




6321-6 


6321-6 




+6316-9 
§6313 9 


6317 4 




6313-4 




63110 






6309-6 


6309-1 




63060 


6306 7 




6303-5 






6301-6 


63020 




6300-7 


6300-5 




6296-9 


62970 




6293-0 






6292-0 






6290-2 






6288-0 






6284-5 




* 


62816 






6279 6 






6276-6 






6269-9 






62691 


6269-2 




t6264-7 


62640 




6265-3 


62651 




6253-2 


6253-0 




6251-5 


6261-2 




6246-4 


6245-4 




6239-2 


62H90 




6231-5 


6231-5 




6229-7 


6229-5 




6226-4 


6225-3 




6219-7 


62200 




6218-3 


6218-2 




6214-1 


6215-0 




6212-3 


6212-4 




6199-6 


6199-2 




6190-5 


6190-7 




6187-1 


6186-9 




6185-3 


6185-6 





I. 



l8 



Is 



Is 



Is 



66d 



Is 



8sd 



8sc 



8sc 



IL 



8 

4 

1 

2 

2 

4 

4 

4 

1 

2 

8 

8 

2n 

6 
10 

4 

2 

2 

1 

1 

6 
10 

6 

In 

1 

4n 

In 

In 

2 

4 

1 

2 

4 

6 

6 

6 
10 

8 

2 

6 
10 

1 

1 

5 

4 

5 

4 
10 

2 

1 



Osc. Fr. q. 



15638/2 

15665a 

15670<fe 

15684<ie 

]57Ude 

I57l6de 

l572Bde 

15733d€ 

15759^ 

157684 

16773d« 

1577Sde 

15782€«<f 

15794Af 

16814<^ 

16826^ 

16834^ 

168414 

158454<? 

1685440 

168694 

1586440 

15867*c4 

1687640 

158864 

168884 

168934 

168994 

159084 

169154 

159234 

169284 

] 59454 

1594540 

1596940 

1698240 

1598740 

1699240 

16007^40 

1602340 

160434 

1604754 

1605940 

1607340 

1607740 

1608740 

1609240 

1612640 

16148540 

1615840 

1616240 



» :/o8erVed also by Lecoq de Boisbaudran in the Spiirk Spectrum of Ferric Chloride solution. 

t Calcium : 6361-2, 6344*0, 6318-0, 6260-0, 61687, 6168-0, 6166-6. 

J liarium i 6340-6. $ Solar line double : the iron line is the least refrangible. 
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Ibon — continued. 



I. 


Spark Spectrum 


II 


. Arc Spectrum 


Intensity and 
Character 


Osc. Freq. 


Iluggina 


ThaMn 


Kirchhoff 


AngstrOni 
and ThaMn 


FievRz 
and Thal^n 


Cornu 


I. 


II. 


a 


b 


c 


d 


e 


/ 














6183-0 








1 


16169^ 








6179-3 


6179-2 






4 


16178^ 








6172-3 


6172-3 






4 


16197^/<? 








6169-4 


6169-8 






5 


16204^^ 








t6163-8 


6163-3 






2 


16220^/i' 








t6162-3 








1 


1622Hd 








6156-7 


6156-7 






6 


16238^^? 








6150-5 


6150-5 






4 


162iwle 








t6148-l 


6146-6 






4 


U262de 








/ 6136-6 
\ 6135-6 


6136-8 






10 


16291^^ 


6138 


6135-8 


(6135-8) 


6135-5 




8sc 


10 


162m)bde 










6130-3 






1 


16308^ 








6126-8 


6126-7 






6 


16322rftf 








16122-0 


61220 






1 


16330//^ 








6116-3 


6115-1 

16112-0 

6107-0 






2 

1 
1 


16348r/^ 

16356^ 

16360^ 








6102-2 


6101-8 






10 


16383<^^ 








t6101-2 


6100-8 






10 


16386^^^ 








6097-4 


6097-0 






1 


US96de 








6095-7 


60951 






3 


16401rf^ 








6093-3 


6092-8 






1 


16407^ 








6092-7 


6092-1 






1 


16409^^ 








6088-2 


6088-1 






3 


16420e;tf 








6084-4 


6084-0 






2 


Upside 








6081-9 


6081-3 
6080-0 






2 
1 


IGi^Sde 
16443^ 








6077-6 


6077-2 






4 


16i50de 


6080 ? 


6064-7 


6064-1 


6064-6 

6055-1 
6053-1 


6064-5 

16061-4? 

6065-0 




8sd 


8 
1 
6 
1 


16iSibde 
16493/f 
IGUlOde 
16516^ 








6041-2 
60350 
6033-0 


6041-1 
6035-0 
6033-0 
6029-0 






4 

1 
1 
1 


16541^^ 
1656Bde 
1657 Ide 
16581tf 








6026-0 


6026-0 


6026 1 




6 


16590^^/ 


6020 


6023-2 


(6023-2) 


6023 


6023-0 


'6023-2 


6so 


10 


16598W 




*6019-3 




6019-1 
6011-2 


6019-2 
6011-5 


6019-2 


4sc 


8 
1 


16609bdef 
16630^^ 




6007-6 




6007-5 
6005-0 


6007-3 
6006-7 
6003-9 


6007-6 


4sd 


6 
2 

In 


166ilbd(:f 

16645^5 

16651e 




6002-3 




6002-1 
6996-9 


6002-0 
5998-6 
5997-0 


6002-0 


4sd 


6 
1 
3ii 


lG656bdef 

16666^ 

16670</^ 


1 


5986- 1 




5986-2 


5986-2 


5986-0 


4sd 


6 


16700*^^ 




5984-4 




5984-2 


5984-2 


5983-7 


4sd 


8n 


16706bdef 




5983-0 




6982-8 


59«2-7 


5982-6 


4sd 


6n 


167\dbdef 


1 


5976-3 




6976-0 


5976-0 


5975-6 


4sd 


6 


1672Hbdftf 


1 


6974-8 




6974-6 


5974-3 


5974-2 


4sd 


6 


167'^3bdef 


* Observ 


'ed by Lecoq de Boisbaudran in the Spark 


Spectrum of Fe 


jiTic Chloride f 


lolntion. 


t Calciu' 


m : 6163-6, 6 


161-1, 6121-2, U 


lUl-2. 


X^ 


tariuiu : Gl4a-4 


, 6109-8 


, 6062-0 


1 
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Iron — continued. 



I. Spark Spectrum 


11 


. Arc Spectrum 


Intensih'and 
Character 


Oac. Freq. 


lluggins 


Thal^n 


Kirchhoff 


AngstrGm 
and Thal^n 


Fievez 
and ThaMn 


Comu 


I. 


11. 


a 


b 


c 


d 


e 


/ 
















5966*5 






In 


16765c 










5961-3 








16770c 










6959.5 








16775c 








69571 


5957-4 








16781rfc 


6958 






6965-0 


5966-0 


6956-7 


Is 




167S5de/ 








6961-6 


5951-6 


5951-9 




6 


16797 def 






*5915*1 


6948-6 


5948-6 


5947-7 




8ii 


16806^^/ 








6940-8 


/ 5941-6 


5941-3 




1 


16826^'/ 








15940-0 


5939-8 




2 


16830c/ 








6933-9 


6933-0 


5933-6 




6 


16842^/ 








6929-3 


5928-7 


6929-0 




10 


16861A/ 








69272 


5926-2 






2 


16S6Sde 








5915*7 


5915-6 


69160 




2 


I6900dfff 








5913-2 


5913-4 


6913-0 




lOn 


16d06def 








6909-4 


59090 
5906-7 






1 
1 


16918^ 
16925c 


6902 






6904*4 
5901-3 

5897-0 
5892*0 
68906 


5904-3 
5901-3 
5900-3 
6898-0 
5897-0 
68920 
5890-6 
5889*9 
6884-4 


5904-5 


Is 


4n 

1 

1 

1 

In 

2 

1 

1 

1 


16932^/ 

16dAlde 

16943c 

16950c 

16953^ 

16976<fe 

16971^^ 

16973c 

16989c 


*6880 






6883*0 

6878-8 

58770 
6874-0 
6861*6 


6882*5 
6880-6 
/ 6878-2 
1 5878*0 
5876-0 
5872-0 
5861-4 


6882*8 


Is 


3 

1 
1 
1 
1 
2 
7 


16994/^/ 

17000c 

17007c 

17008c 

17012rfc 

17027A? 

170S>6de 


6856 






6868-4 
15855-5 

5851-3 
6848-6 

6847-4 
5837-0 

5832-5 

5827-6 

6816-5 
5814-0 
5811*0 
6808*3 

6805*8 
♦6803*6 


5868-5 
5855-2 
5854-2 
15852-2 
5851-0 
6848-5 
5847-2 
5835-8 
68361 
5833*5 
5827-5 
68250 
5815-5 
5813-6 
5810*5 
5808*0 
5806*7 
5805*8 
6803*2 




Is 


6 
3 

1 

1 

3 

1 

2n 

1 

1 

In 

In 

1 

6 

1 

1 

2 

1 

4 

2 


17064<fc 

17073A? 

17077c 

17083c 

170SQde 

17093^ 

17097^«c 

17129<ic 

17133c 

17139rfc 

17155rfc 

17162c 

17190^ 

nidBde 

17205i«c 

17212rfc 

17216c 

17219^c 

17226A? 










5802-8 






2 


17228^ 



* Observed by Lecoq de Boiabandran in the Spark Spectnun of Ferric Chloride solution 
r Calcium : 5866*4. + Barium : 6852-7." 
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Iron — continuedm 



I. Spark Spectrain 


II 


. Arc Spectrum 


Intensity and 
Character 




Huggins 


Thal^D 


Kirchhoif 


AngstrQin 
and Thal^n 


Fievez 
and Thal^n 


Cumu 


I. 


II. 


Osc. Freq. 


a 


b 


c 


d 


e 


f 
















5800-0 




In 


17236rf* 








6797-3 


5797-3 






3 


17244J* 








6793-0 


5792-2 






3 


\72b%de 








*5790-l 


5790-1 
5789-8 




( 


4 

2d 


17266rf* 
17267* 








6784-7 


/ 5784-5 

\ 5784-2 

5783-4 






1 
1 

1 


17283* 
17283* 
17286* 


5780 






5781-3 

6777-5 
67760 
67741 


5781-6 
5780-0 

5778-5 

5774-0 
5769-7 




Is 


2 
4 
2 
1 
5 
In 


17292<i* 

17296* 

17802^* 

17308<? 

17314^ 

17330* 




*6762-0 


(6762-0) 


5761-9 


67620 
5759-6 






8 
2 


17360 J<?* 
17357* 










t5758-2 
5756-0 






1 
2n 


17361* 
17368* 








5762-0 
6751-0 
5746-7 

15730-6 
57270 
57230 
5720-0 
6716-8 
6715-2 


5763-9 
5752-0 
5751-0 
5746-5 
5741-8 
5740-9 
5739-5 
5736-8 
5730-5 
5728-0 
5722-5 
5719-8 
5716-5 






2 

6 

3 

3 

1 

4 

1 

1 

6 

In 

In 

In 

6 

2 


17374* 

17380^* 

17383^ 

17397^* 

17411* 

17414* 

17418* 

17426* 

17U5de 

17460<fo 

17468<^ 

17478(5?* 

UiSSde 

17492d 






- 


5713-8 
5713-3 

§5710-8 


5714-0 
5713-3 
57110 
5710-7 


5714-1 




2 

1 
4 
4 


17496^*/ 
17i9Sde 
17505* 
17^0ede 




*6708-4 




5708-3 
5707-1 
5706-0 
6706 
6700-4 
5697-2 


5708-5 
5707-1 
5706-0 
57050 
5700-5 
5697-5 
5695-5 




6sd 


10 

1 
1 
3 

8 

1 
1 


17513J<« 
\7b\7de 
17620^ 
17623<fo 
17537<i* 
17546/i* 
17552rf* 


** 






5692-8 
6690-6 
66d6*6 


56930 
5690-8 
5686-3 






4 
4 
6 


17560<f* 
17667i* 
17583^* 




5681-6 




6679-0 
6677-9 
66710 


5685-2 
5679-2 
5678-0 
5670-5 
5669-1 




6sd 


2 

1 

4 

In 

In 


17594* 

17603A? 

17607<«* 

17629<?* 

17634* 



» qbAerv«d by Lecoq de Boisbandran in the Sperk Bpectram of Ferric Chloride golotion. 

X Sodium. Liveing and Dewar. $ Magnesium. Liyeing and Dewar. 



t Calcium : 5756*5. 
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Iron — eontimied. 



I. 


Spark Spectrum 


11. Arc Spectrum 


Intensity and 
vJharactejr 


Osc. Freq. 


Hugginj* 


Thnl^D 


Kirchhoff 


An^rdm Fievez 
andThalen and Thalen 


Liveinsf 
and Dewar 


I 


II. 




b 


c 


d 


e 


/ 














5666-0 


6666-6 
56630 






2 


l7UZde 
17653c 




fti>61-6 




6661-6 


5661-5 
5660-3 
5659-7 




68d 




l7^o7hde 

17662d 

17664<? 




♦5657-7 




6657-6 


5657-9 




lOsc 




17670bde 




6664-5 




6654-4 
5651-6 


5654-6 

/ 6652-6 

V 6650-4 

5649-6 

5648-8 




68d 


2j 


17680*^ 

17689^ 

17695^ 
17698e 






r 


5648-0 


56480 
5647-5 
5644-0 






2n 


17700/^ 

17702c 

17712c 




« 




5643-0 
5640-2 
5637-2 

6632-7 


5642-7 
5642-0 
5640-5 
5639-5 
5637-3 
5636-0 
5636-2 
5634-0 
5632-6 
5631-0 








177l6de 

17719c 

17724^ 

17727c 

17734rfc 

17738c 

17740c 

17744c 

177i9de^ 

17763c 




- 




5624-4 


5624-1 








17775rfc 


5624 


*6623-3 


5623-3 


6623-2 
5619-3 
5618-0 

5616-1 


5623-5 
5619-4 
5618-5 
5617-7 
5616-0 


1 


68d 




1777Sbcde 

17790<«c 

17794rfc 

17796c 

17801rfc 


5612 


♦6614-6 


(6614-6) 


t6614-5 


5614-6 
5611-0 
5609-2 
5607-8 
5605-8 


(6614-6) 


lOsc 


lOr 


I7»0!ibde 

17817c 

17822c 

17827c 

17833c 


6601 


*6601-8 


(5601-8) 


6601 -7 
5598-9 


t5601-5 
5598-6 




lOsc 


8 
2 


17846*^ 
17866rfc 


6594 


6697-3 




5597-2 


• 


:6597-2 




lOsc 


3 


17861*<^c 








5693-4 




:5593-3 






4 


l7S75de 




6691-3 




5591-3 


5590-8 

t5588-7 




8sc 


I 
1 


17SS0bde 
17888c 


5684 


*6685-7 


6586-3 


6585-6 
6583-8 
5577-6 


5585-4 
5583-3 
5578-0 


(5685-7) 


lOsc 


lOr 
1 

1 


17S9Sbcde 

1790^de 

17923^c 




*5576-0 


(55760) 


6674-9 


5574-4 




8sc 


8 


l7d3Bbde 


657X 


5671-8 


(5671-7) 


6571-7 


5571-3 




lOsc 


9 


17d^Bbde 


6569 


6568-6 


56680 


5668-5 


5668-5 




88C 


8 


17Q53bcde 






» 


5566-4 
5564-6 
5562-7 


5566-0 
5564-2 
5562-5 






2 
5 
5 


17dmde 
17966de 
17972rfc 








6661-8 




5561-4 






2n 


l797ode 



* Observed by Lecoq dc Bolsbaadran in the Spark Spectrum of Ferric Chloride solution. 

t The least refrangible line of the solar triplet. 

t Calcium : 5G01-3, 5GO0-3, 6597-3, 6693'4, 6588-9, 6687*5, 5580'7 



65 



Ibon — eontinued. 



I. Spark Spectram 


II. 


Arc Spectram 


f ntendty and 
Character 


Oac. Freq. 








o 






Httggins 


Thal^n 


Kirchhoff 


and Tbal^n 


Fievez 
and Thal^n 


Liveing 
and Dewar 


I. 


II. 




a 


b 


e 


d 


e 


/ 














5569-3 


5559-0 




2n 


17983^ 








5557-1 


5656-7 






2n 


n990de 








6663-9 


55540 






6 


ISOOOde 








5552-7 


6552^'4 






2 


18005<2(9 








5690-0 


5549-0 






1 


18016^0 








6546-5 


5645-7 
5545-3 






1 
2 


18027rfd 
18028<^ 








5642-7 


5543-0 






4 


18036^ 








66420 


5642-0 
5640*0 
5537-7 






4 
1 
1 


ISOBdds 

1804&? 

18053^ 








§115636-3 


5537-2 






2n 


18057<^ 








6631-5 


5631-8 
6629*7 
6628-4 






4 

1 
2 


18073^ 

18079e 

180830 








6624-7 


5524*4 
5623-0 






6 

1 


ISO^ede 
181010 


. 






6521-6 


5621-5 






4 


181061^ 








5520-0 


5520-2 






lb' 


18110^ 








II6615-6 


5616-5 






In 


18124<;0 








6511-4 


5511-2 






2n 


18139^ 








5609-6 


5509-2 






2n 


18146^ 








5507-6 


5507-2 






2n 


lSl52de 


fssoa 


6506-0 




6506-9 


5605-9 
5503-3 




8sc 


8 
1 


ISlBlbde 
181660 








5501*9 


5502*0 






4 


1817O<20 




6600*6 




6600-6 


6500-6 




6sc 


6 


18176&^ 




6496-5 




6496-6 


5496-4 




68C 


6 


ISlSSbde 


• 






5493-5 

5492-5 
5491-0 
6489-0 


/ 5493-7 

\ 5493*0 

5492-5 

5490-8 
5489-3 






i} 

3 

1 

1 


ISldSde 

18201^ 

18207^ 

18213^ 




5486-9 




6486-8 
5485-0 
5482-4 
6480-2 


5486-6 
54840 
5481-8 
5480-2 




4sd 


4n 
1 
4 
4 


lS220bde 
18228<20 
18236^ 
18242^ 








5479-9 
5477-4 
5475*9 

6473-3 
5472-0 

6469-0 

6466-6 
5463-2 


5479-6 
6478-0 
5475-8 
5475-3 
5473-6 
5472-1 
5469-7 
54691 
5466-2 
5465-7 
5463-4 
5462-6 






4 
2 
8 
4 
4 
1 
1 
1 
2 
4 
2 
4 


18244^^ 

lS25lde 

18257^ 

182590 

18265^ 

1827O<20 

182770 

18279<fo 

18289<20 

18291^ 

18299^ 

183010 


6460 




6462-0 


6462-3 


5462-3 




2s 


6 


lS302ode 


6454 


*6464-8 


(6464-8) 


6464-7 


5454-7 
5451-5 




lOsc 


10 

1 


18327»^0 
183380 



• Obierved also bj Lecoq de Boisbandran in the Bpark Spectram of Ferric Chloride solution. 
i Doable. § The least refrangible of the aolar pair. | Barium : 6634-2, 6618*4. 
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Iron — continued. 



I. 


Spark Speotrum 


II. 


> Arc Spectrum 


Intensity and 
Character 


Osc Freq. 


Hoirffins 


Thal^n 


Kirchhuff 


o 

AngstrOm 


Fievez 


Liveing 






— —OO-— ' 






and Thal^n 


and Thal^n 


and Dewar 


I. 


II. 




a 


b 


c 


d 


e 


f 
















5447-3 






1 


18352<? 


5444 


*54460 


6446-6 


6445-9 


54460 


(64460) 


lOsc 


10 


183566ci« 






6444-7 


6444-2 
6440-0 

5435-4 


6444-3 
5440-7 
5438-0 
115436-0 
5435-5 






4 

1 
1 
1 
2 


18362<;<2<? 

18376^ 

18384^9 

18390<? 

\%Z^2de 


5432 




5433-3 


5433-0 


5433-0 




28 


10 


18400^;^ 


5426 


*6428-9 


(5428-9) 


6428-8 


||5428'0 


(6428-9) 


lOso 


10 


184162^^ 


5424 


• 


64230 


5423-6 
6416-0 


5423-4 
5419-2 
6416-2 




28 


lOn 
1 
1 


18434c<;0 

184475 

18458^2^ 


5412 




5414-6 


5414-5 


5414.6 




Is 


lOn 


18463<;^ 


5409 




6410-0 


5410-0 
5408-6 


5410-0 

6408-2 

t5406-5 




Is 


8 

1 
1 


18479cAj 

18484<25 

18491<? 




*5404-9 


(6404-9) 


5404-8 


5404-9 


(6404-9) 


8sc 


lOr 


XM^^bde 


6402 


6403-2 


(6403-2) 


6403-1 


6403-3 




88C 


8 


V^m2bde 


Vogel 








and Thal^n 












5401 






6399-6 
5397-3 


5399-6 
5897-0 




28 


4 
5 


18514^20 
18522^ 




6396-2 


(5396-2) 


5396-2 


5396-0 


(6396-2) 


88C 


8 


185266^ 


6392 


*6392-4 


63920 


6392-1 


5392-3 




68C 


8 


186406o<2< 


6388 






/ 63P0-4 
16388-4 


5390-3 






4 


18546^ 








5388-8 






7 


18662^5 








6386-6 


53860 






1 


18660^ 








5385-6 


5385'0 






1 


18564^ 


6383 


*6382'4 


(5882-4) 


6382-5 
5378-5 
5376-5 
5375-7 
5372-6 


5382-4 
5378-0 
5376-2 
5375-2 
5372-5 




6sc 


8 
4 

1 

In 

4 


185745<fo 

18588^ 

18594^ 

18598^ 

18608<^ 


t6370 


*6370-6 


6370-8 


5370-6 


5370-6 


(5870-6) 


lOso 


lOr 


V^^X^hcde 




53691 


(5369-1) 


63690 


5369-0 




6sd 


8 


18620^^ 


6366 


5366-6 


6866-7 


6366-4 
5364-4 


5366-6 
5364-3 




6sd 


8 
4 


■^k ^B^ ^M ^^V ^^ ^^ V^r ^iv' 

186292^^ 
18636<i« 


5365 


63641 


5363-8 


6363-9 


5368-6 




6sd 


8 


186376cr7« 


5363 


5362-0 




5361-9 
5360-8 
5367-3 


5361-8 
5360-6 
5357-3 
5355-0 


\ 


4sd 


2 

1 
7 
1 


^^ ^^^ ^^ ^»^ w ^^ ^r ' ' *^ 

186442»^;<? 
18649^ 
\%m\de 
186696 




5352-6 




6352-6 


5352-5 




4Bd 


7 


lS677bde 




5348-7 




6348-8 
5342-7 


§5348-7 
5342-4 




4Rd 


2 
2 


lS691bde 
18712<^e 




* / 5340-3 
\ 6339-3 


(5340-3) 


5340-3 


5340-0 




8sc 


6 


187206<i<? 




(6339-3) 


5339-2 


5338-9 




8sc 


6 


18724^^ 








63321 


5332-0 






4 


18749/20 








6329-0 


53291 






2 


ISlQOde 



Obaenred also by Lecoq de BoiBbaudran in the Spark Spectrum of Ferric Chloride solution. 

i/OUDle. *■ -n. 11.1.. J... ^. v.- 



t Double. j^^^ 

S Oaloium : 6348-4, the Iron line is the Jess refrangible of the solar pair. 
tl Barium : 6436-0, 6426-0, 64240. ov k»i*. 



Possibly due to Manganese. 
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Ibon— continued. 



I. 


Spark Spectrum 


II 


. Arc Spectrum 


Intensity and 
Character 


Osc. Freq. 


Hoggins 


Thal^n 


Kirchhoff 


Vogcl 


Fievftz 


Liveing 








JkMbAA ^^AASA^^AA 


and Thal^n 


and ThaMn 


and Dewar 


I. 


II. 




a 


*• 


c 


d 


e 


f 




6 




5322 


*6327-4 


/ 6327-7 
\ 6327-2 


r 6327-3 


5327-6 




lOsc 


187660^ 


%f%^m0m^ 


«/V«i • 7 


\. 6327-0 


5327-0 


(6327-2) 




10 


18766c^ 










5326-6 






1 


18768^ 










5325-9 






1 


18770^ 










5325-2 






1 


18773^ 


6318 


6323-5 


(6323-4) 


6323-2 
5321-4 
5420-4 
6319-3 


5323-6 
5321-3 
5320-3 
5319-2 




8sc 


8 
1 

1 
1 


187795^ 
18783A» 
18790<fo 
18794^ 






• 


5318-5 


5318-0 






1 


lS79Sde 


6314 


63160 


63161 


5316-1 
5314-6 


6316-0 
5314-5 




8sc 


4 
2 


ISSOBbcde 
ISSlOde 


5312 


*6306-6 




t5306-5 


5306-6 




6sd 


6 


ISSSdbde 


6299 


6301-6 


(5301-6) 


t6301-5 
5299-4 
5298-1 
5294-9 

5293-7 
5292-7 


6301 -4 
5299-0 
5298-2 
52950 
5294-3 
5293-9 
52920 




68d 


10 

1 
2 
1 
1 
2 
1 


ISSBJbde 

ISmSde 

18869^^19 

18880^0 

18883« 

ISSSide 

18889^.' 


6289 






5287-6 
5284-2 
5283 4 


5287-6 
5284-2 
5283-8 






4 

1 
1 


18906^ 
18919^d 
18921^ 


t6282 


r*6282-7 
\ 62810 


62830 


6282-7 


5282-6 




8sc 


10 


lS92ibcde 


(62810) 


6280-9 


5280-8 




6sd 


8 


18930*^^ 








5279-7 


62790 






1 


18940^ 


6274 






5275-2 
5274-5 
5272-6 


5275-0 
5274-0 
5272-3 


• 


Is 


2 
3 
6 


18951^d 
18954^ 
i8961<2& 


_r5270 
^\5269 


/*5269-6 
\ 5268-6 


(6269-6) 


t5269-2 


§5269-6 




lOsc 


10 


lSd72bde 


(5268-6) 


6268-6 


5268-6 


(6268-6) 


lOsc 


10 


lS975bde 


5267 


6265-9 


6266-6 


6265-3 


S5265-5 




86C 


10 


ISdSbhede 


6262 


6262-6 




5262-3 
5256-8 
5254-7 


§5262-0 
5256-6 
5254-7 




4sd 


6 

1 
1 


lSd97bd€ 

19018^ 

19025A? 


6266 






5253-9 


52540 




Is 


3 


19027rftf 








5262-4 


5252-6 






4 


19033^ 


*6250 






r 5250-8 
\ 6249-4 


5251-0 




Is 


2 


19039<f« 






5249-8 




6 


I90i3de 








5248-0 


5247-9 






1 


19049^^ 








5246-2 


5245-7 






2 


19057de 








5244-7 


5244-0 






In 


19062^^ 




■ 




52430 


5242-8 






1 


19068^ 


6241 






5241-8 
5253-4 
6234-4 
5233-6 


5241-1 
5235-5 
5234-7 
5233-8 




Is 


6 

1 
3 

1 


ld073de 
]90d5de 
19098<^ 
19101<f<9 


6232 


*6232-2 


(5232-1) 


52321 
62290 
5227-4 


5232-1 
52290 
5227-6 




lOsc 


10 
4 

1 


19107W 
19119^ 
IdUide 



* Observed also by Lecoq ds Boisbandran in the Spark Spectmm of Ferric Chloride solution. 



t Barium : 6307-6, 5305-0, 5302-8. 

$ Calciam : 5269-S, 5S64-6, 5363-3, 5361*4, 5861 0. 



Less refrangible thaa the Cateium line. 



r 2 
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IBON^ 


continued. 










i. 


Spark Spectrnm 


11. 


Arc Spectrnm 


Intenflityand 
Character 


Osc. Freq. 














Huggins 


Thal^n 


Kirchhoff 


Vogel 
and Thal<$n 


Fievez Liveing 
and Thal^n and Dewar 


I. 


II. 


* 


a 


b 


e 


d 


e 


/ 








6226 


6226-4 


(6226-4) 


6226-4 

5224-5 
5222-3 
5221-5 

5220-2 
5218-7 


/ 5226-4 
152260 
5224-8 
5222-0 
5221-4 
5220-8 
52200 
5217-7 


J(52260) 


lOso 


jlOr 
1 6 

2 

2 

1 

1 

1 

In 


19128&^ 

12135^ 

19144^ 

l9U6de 

19149d 

19151<2(? 

19158<fe 


§5218 






5216-7 
6216-6 


5216-7 
5215-5 




Is 


6 
6 


19164^ 
1916Sde 








5214*6 


5214-5 
5211-0 






6 
1 


19172<2<? 
19185d 








5209-5 


5209-5 






1 


19190<?e 








116207-6 


5207.8 




6sd 


8 


19197&^ 




*6207-8 






5205-3 






1 


19206^ 


5202 


6203-9 




6203-8 


5203-3 




68d 


4 


192l2bde 




6201-7 




5201-7 
5198-2 
5195-3 
5194-6 


5201-4 
5198-2 
5195-6 
5194-7 




4sd 


8 
6 
4 
6 


19219bde 
19232^ 
19241^ 
1924&20 




5194-3 




6194-0 


5194-2 


% 


6sc 


8 


Id2i7bde 


5192 


*5191-9 


(6191-9) 


5191-4 


5191-8 




8sc 


10 


19256J^ 


5190 


6190-7 


(6190-7) 


5190-6 
5187-2 
5183-8 
5180-8 


5190-6 
5187-2 
5183-8 
5180-7 




4sc 


10 

4 

4n 

In 


I9260bde 
19273<«« 
19285^ 
ld297de 


5180 






6179-4 


5179-4 




Isc 


2n 


19302^ 




5171-3 


5170-9 


6171-1 


5170-9 




4sc 


10 


ldSS3bcde 


ba5168 


t» 5168-6 
16166 9 


(5168-6) 


6168-4 


5168-9 




6sc 


4r 


19342W^ 


b4 6J66 


(51 66-9) 


6167-0 


5167-1 


(6166-9) 


8sc 


10 


IdSiSbde 








6165-8 


6165-7 






3 


19363<^ 








6164-8 


5165-0 






4 


19S56de 








5163-8 


5164-2 






1 


19369^ 




6161-8 


(5161-6) 


5161-6 
5159-6 
5158-3 
5156-6 
5156-0 
5154-7 
5163 7 
6152-8 
5161-5 
*6160-6 


5161-5 




4sc 


8n 

Id 

2n 

Id 

Id 

Id 

Id 

Id 

6 

6 


mesbde 

l9S76d 

IdSSlde 

19387<2 

19389/2 

19394i2 

19398/2 

19401/2 

19406/2 

19410/2 


5148 


■ 




5147-8 
5146-4 
6146-3 
5144-3 
5142-8 
5141-9 
5141-6 






Is 


5 

Id 

1 

3 

Id 

5 

4 


19420/2 
19425/2 
19430/2 
19433/2 
19439/2 
19442/2 
19443^ 








5140-8 








4 


19447/2 



* Observed also by Lecoq de Boisbaudran in the Spark Speotram of Ferric Chloride solation. 
t b„ see Nickel ; the solar Uoe b^ is double : b«, see Maguesiam ; the solar line b« is double. 



1 Double. 



R See Chromium ; the solar line here is double. 
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TROV—eonHnued. 



I. Spark Spectram 


II, Arc Spectrum 


Intensity and 
Character 


Osc. Freq. 


Muggins 


Thiil^n 


Kirchhoff 


Vogel 
and Thal^ 


Fievez 
and Thal^n 


Liveing 
and Dewar 


I. 


II. 


a 


b 


e 


d 


e 


/ 








5139 


»6138-8 


6138-8 


5138-6 
6136-3 
5135-4 






8sc 


10 
6 
1 


19Uibod 

19464/^ 

19467 


6133 




(6133-0) 


61330 
5130-8 
5128-8 
5126-4 
6125-3 
6124-4 
5123-1 
5120-9 
5114-6 
5113-6 
6109-2 






2s 


8 

4 

2 

6 

2 

8 

6 

4 

2d 

Id 

8 


19476^ 

19484^ 

19492 

19500^2 

19506^ 

19509^ 

19514^ 

19622^ 

19546<i 

19550^ 

19567<i 




♦51071 




5107-2 
5105-2 
51040 
5103-7 






6so 


8 
2d 

1 
1 


19574W 
19682^ 
19587^ 
19588^; 


♦6099 


■ 




5098-2 
5096-6 
5090-3 
5087-7 
5085-7 
5083-8 
5082-8 
5080-6 
5080-2 
6079-4 
5078-8 
5075-7 
*5074-0 
5072-0 
5071-3 
5068-2 
5066-6 




(6072) 
(6064-5) 


2n 


8 

t 

2 

1 
1 
8 
1 
1 
4 
8 
3 
8r 
2n 
2n 
10 
4r 


19609^ 
19615<2 
19639^; 
19649^ 
19657/i 
19666^ 
19668<; 
19677<i 
19678^ 
19682^ 
196841^ 
19696^; 
19702/^ 
19710<i 
19713^ 
19726<i 
19731^^ 




*5064-5 




5064-6 
5059-2 






4sd 


8n 
4n 


19739Jrf 
19760^ 








5057-5 








ii' 


19767rf 








5056-5 








19771<f 








5055-8 








19773<i 


■ 






5055-3 








19776rf 








5063-9 








2 


19781^ 








5052-8 
5052-2 








In 
In 


19785^ 
19787flf 




5051-1 




50510 






8sc 


8 


197922>e? 




*5049-6 




5049-4 
5048-1 
5043-6 






8sc 


10 
4 
4 


19798ftrf 

19804^^ 

19821^ 




6041-3 




504] -0 






68C 


8r 


19SSlbd 




*5040-2 




5040-3 
5038-5 






6sc 


8 
4 


198342»«^ 
19841^ 








5036-2 
6036-7 








4 
2n 


19850rf 
19852<2 



* Obsenred also bj Leooq de Boisbandran in the Spark Spectmm of Ferric Ohloride solution. 
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Ibon — eantinued. 



I. Spark Spectrnxn 


11. Arc Spectrum 


Tnten^tyand 
Character 


Osc. Freq. 








^ , - 1 






Huggin 


Thal^n 


Kirchhoif 


Vogel 
aDd Thal^n 


Fievez 
and Thal^n 


Livdng 
and Dewar 


I. 


II. 


A 


a 


b 


e 


d 


e 


/ 














5031-3 








1 


19870rf 








5030-4 








1 


19873^ 








6030-3 








1 


19874^ 








5029-1 








4 


19878^ 








6027-4 








8 


19886^; 








5026-4 








8 


19889^ 








5024-8 








1 


19895^ 








5024-0 








1 


19899^ 








5022-7 








2n 


19905« 








6021-6 








8 


19908<i 








5020-8 








1 


19911<i 








5020-0 








1 


199144 








5019-4 








1 


19917<i 


5017 




(6017-8) 


6017-7 
5016-3 






%B 


6 
2n 


19924i2 
199294 




* 




6014-4 
5011-7 
5011-3 
5006-6 




1 




9 
1 
9 
3n 


199374 
199474 
199494 
199684 




*5005-3 




; 5005-5 

V 6005-0 

6004 






4sd 


10 
8 

1 


19972*4 

199744 

19978 








5003-2 








1 


199814 




6002-1 




5002-2 
5001-1 
4998-3 
4995-6 
4994-8 




' 


2sd 


4 
10 
3 
1 
1 


19985^ 

199904 

200014 

200124 

200154 




4993-4 




4993-6 






2sd 


8 


20020W 




4990-4 




+4990-6 
4989-9 






4sd 


4 

1 


20032&4 
20034 




4988-4 


• 


4988-3 
4985-9 
t4985-3 
*4984-7 
4984-4 
49830 
4982 4 
4981-8 
4979-7 
4978-8 
4978-1 
4977-0 
4974-7 
4972-4 
4969-5 
4969-2 
4967-7 
4967-1 
4966-3 
4963-4 
4962-0 






2sd 


4 
1 
2 
6 
6 
6 
4 
8 
1 
1 
4 
1 
2 
5 
4 
4 
2 
4 
8 
1 
2 


20041J4 

200514 

200534 

200554 

200574 

200624 

200654 

200674 

200754 

200794 

200824 

200864 

20096 

201054 

201174 

201184 

201244 

201264 

201344 

201414 

201474 



• Observed also by Lecoq de Boisbaudran in the Spark Spectrum of Ferric Chloride solution. 
1 Calcium : 4990-5, 4981-2, (4961-3 ?). 
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iBOS^-^eantinued. 










I. Spark Spectrum 


II. Arc Spectrum 


Intensity and 
Character 


Osc. Freq. 


Hnirgins 


ThaMn 


ELirchhoff 


Vogel 


Fievez 


Livfin;? 






oo 




•^M^B^^B ^r^kv^^^' ^^ 


and ihal^n 


and Tbal^n 


and Dewar 


I. 


IL 




a 


b 


e 


d 


e 


/ 














§4961-3 






1 


20150rf 








4960-3 








1 


20154^2 


4968 


♦4966-8 


/ 4956 7 
\ 4956-5 


49568 




(4956 9) 


lOsc 


lOr 


20l6Sbod 






4956-6 








10 


20ie9ed 








4953 7 




(49541) 




3r 


2018U 








4951-8 








2ii 


20189^ 








4949-4 








4 


20198<i 








4945-7 








6 


20213^ 








4944-9 








1 


202nd 








4943-7 








1 


20222<; 








*4941-7 








2n 


20230^2 








4938-8 








4 


20242^2 








4938-3 








Is 


202Ud 








4937-9 








6 


202^6d 








4937-3 








3 


20249^ 








4936-3 








In 


20252rf 








{4932-6 








4 


20267<« 








4931-3 








1 


20272<« 








4929-7 








4 


20279^ 








4927-3 








3 


20289<2 








4926-7 








3 


20291<; 








4924-9 








In 


20299e2 








4924-1 








5 


20302^ 


4923 


*4923-2 


4923-3 


4923-2 






6sc 


4 


20306^0^ 


4920 


4919-9 


4920-3 


4919-5 




(4919-9) 


lOsc 


lOr 


20319»«(i 




4918-3 


4918-7 


4918-1 
4917-0 
4916-4 




(4918-3) 


8sc 


lOr 

1 
2 


20326hod 

2033U 

20334<2 








4911-2 

t4910-0 

4909-5 








2 
4 
5 


20355^; 
20360if 
20362d 








4908-7 
♦4906-8 
4904-3 
4902-4 
t4900-l 
4897.8 
4896-8 
4895-9 
4892-2 








2 

4 

3 

8 

1 

1 

In 

2 

2 


20366^ 
20377<« 
20384<2 
20392<; 
20402^2 
2041 l(i 
20415rf 
20419^ 
20434rf 


4893 




/ 4891 -2 
\ (4890-4) 


r 4890-8 




(4891-6) 




lOr 


20i39cd 




♦4890 5 


\ 4890-2 




(4890-2) 


lOsc 


lOr 


20U3bd 








4888-4 








4 


20450J 








4887-9 








2 


20452^ 








4886-3 








1 


20459<2 








4885-6 








3 


20462^ 








4884-6 








4 


20466^^ 








4881-4 








4 


20480rf 








4880-8 








4 


20483d 




4877-5 


4878-0 


§4877-4 
4875-3 
4874-3 






6sd 


10 
4 
1 


204t96hod 

20506rf 

20510<i 



• 0bserv»»d also by Lecoq de Boisbaudran In the Spark Spectrom of Ferric Chloride solution 
t Double. ♦ Barium : 4933-3, 4899-4. $ Calcium : 4877-3. 
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IBON — cnnHnMed, 



I. Spark Spectrum 


11. ArcSpectnim 


Intensit^'and 
Character 




Huggtiu 


TbaMn 


Kirchhoff 


Vogel 
and ThaMn 


Coma 


Livdng ' 
and Dewar 


I. 


II. 


Osc Freq. 


a 


b 


c 


d 


e 


/ 














4682-7 








4 


21349<2 








4681-3 








2 


2l3SBd 








4680-6 








1 


21358^ 








4679-7 








2 


2VS62d 








4677-9 








10 


21371rf 








4672-2 








6b 


2l397rf 








4668-3 








5 


21415^ 








4667-2 








10 


21420^ 








46655 








10 


2U27d 








4664-9 








2 


2U30d 








4662-3 








1 


21442^ 








4661-2 








2b' 


21447rf 








4660-7 








1 


21450^ 








4657-5 








1 


21464^ 








4656-7 








1 


21468^ 




4663-6 




4663-7 
4650-4 
4649-2 
4646-7 
4642-7 
4640-0 
4637-3 
4636-7 
46350 
4633-9 
4633-0 






68C 


10 

1 

1 

8 

6 

In 

8 

8 

4 

2 

1 


2liS2bd 

2U97d 

21503^ 

2l5Ud 

21533^ 

21545^ 

21568^ 

21561<i 

21568^ 

21574rf 

21578^^ 




4632-1 




4632-1 
4629-3 
4626-6 

{4624-3 
4618-6 

{4618-1 
4614-8 
4613-3 
4612-5 


« 




6sc 


6 
6 
1 

8 
8 
2 
1 

1 
6 


21582^€; 

21595^ 

21608^ 

21618^ 

2l6i&d 

21647^ 

21663^ 

21670^ 

21672<« 




4610-7 




4610-5 

{4607-0 

4603-7 




» 


6sc 


8 
6 
2 


2i6S2bd 

21701e? 

21715^ 




4602-7 




4602-3 
4601-3 
t4600-2 
4597-4 
4595-3 
4594-7 






4sd 


10 
4 
1 
5 
4 
4 


21721&rf 

21726^ 

21732^ 

21745^ 

21755<^ 

21758^ 




4592-0 




4591-9 
45901 






6sc 


8 
1 


21770M 
21779/i 


4682 






{4586-4 

♦4584-2 

4583-3 

{4580-8 






Is 


4 
4 
2 
6 


21796d 
2im7d 
21812^ 
21824<e 






4579 8 








2 


21828<i 








{4579-4 1 








1 


21830^ 



• The solar ray here is double, the less refrangible ray being due to Calcium. f Barium : 4599-1 

X Calcium : 4622-4, 4616-6, 46067, 468d-3, 4680-8, 4578*0. 
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IBON "OOfUinued. 



I. Spark Spectrum 

■ 


II. Aro Spectrum 


Intensity aiid 
Character 












. . 




Osc Frcq. 


H uggins 


Thal^n 


Kirchhoff 


Vogel 
and Thal^n 


Cornu 


Livemg 
and Dewar 


I. 


II. 




a 


6 


c 


d 


e 


/ 














4574-2 
4572-2 
4571-1 
4568-2 
4566-3 
4565-8 
45650 






■ 


4 

1 
1 
4 
2 
1 
2 


218654 
218654 
218704 
218844 
218934 
218954 
218994 






■ 


4564-2 
45607 
4559*4 
4557-3 
1)4555-4 
4551-8 
4550-1 
4548-9 
4547-3 
4546-3 
4544-0 
4541-8 








2 

1 

2n 

1 

8 

4 

2 

5 

8 

1 

1 

2n 


219034 
219204 
219264 
219364 
219454 
219634 
219714 
219774 
219844 
219894 
220004 
220114 








4538-0 
+14532-5 
4530-8 
4530-4 
4528-8 








2 
2 
1 
6 
2 


220294 
220564 
220654 
220674 
220754 




4528-1 




4528-0 
1:4525-7 
1)4524-4 
4522-6 
45220 
4519-5 






6sc 


10 
4 
8 
2 
2 
2 


22078J4 

220904 

220964 

221054 

221084 

221204 








4517-6 








1 


221294 








4516-8 
4514-7 
4513-4 


■ 






4 

1 
4 


221334 
221434 
221504 








4508-9 
4507-6 
4506-5 
4504-2 
4501-8 
4498-4 








lb 

1 
1 
3 
2 
2n 


221724 
221784 
221844 
221954 
222074 
222244 








4496-2 
*4493-8 
4492-0 
4490-2 
4489-3 
4488-8 
4488-3 
4487-5 
4484-8 
4483-5 
4482-0 
♦4481-6 








2n 
10 

1 

2 

4 

5 

2 

2 

4 

3 

1 
10 


222354 
222464 
222554 
222644 
222694 
222714 
222744 
222784 
222914 
222984 
223054 
223074 



* Observed also by Lecoq de Boisbaudran in the Spark Spectram of Ferric Chloride solution. 

t The solar ray here if> double, the less refrangible ray being due to Calcium. 

X Calcium: 4535-3, 4534*9,4534-], 4532-0, 4520*3. || Barium : 4553-4, 4524*4. 
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IBON — eotitifined. 



I. Spark Spectrum 


II. Arc Spectrum 


Intensity and 
Character 


Osc. Fieq. 


Haggins 


Thal^n 


Kirchhoff 


Vogd 
and iW^n 


Cornu 


Liveing 
and Dewar 


I. 


IL 


a 


h 


e 


d 


« 


/ 














4481-0 








1 


22310^; 








4479-4 








3 


22318^; 








4478-8 


« 






3 


22Z2\d 








4476-4 








10 


22338^ 








4468-7 








8 


22370<? 








4466-0 








8 


22385<2 








4461-2 








8 


22409^ 








•4468-6 








3 


32422^ 








+4465-7 








3 


22437<« 








4463-8 








6 


22444<f 








4462-8 








1 


22461<; 








4449-8 








3 


22466<; 








♦4447-2 








10 


22479^ 








4446-3 








2n 


22A%U 








4446-0 








1 


22491<2 








4442-7 








8 


22602^ 








4441-7 








10 


22607^ 








4440-3 








li' 


32514^ 








4439-9 








22516^ 








4439-3 








2 


225191? 


■ 






4437-8 








2 


22h21d 








44363 








2 


22535<? 








4433-2 








4 


22660^ 








4432-6 








6 


22553^ 








4432-0 








4 


22557^ 








4430-2 
44296 
4426-7 
4423-3 
4422-5 




, 




6 
2 

8 
In 

1 


22666^ 
22569^ 
22684^ 
22601<? 
22606<? 








4421-8 








8 


22609<? 




♦4414-8 


4414-6 


04414-3 
4407*8 




(4414-8) 
4407-7 


lOsc 


lOr 
6 
6 


22Q^bhed 

22680<?/ 

22683^ 






Hartley 


4407-2 










and 














1 




Adeney 














4406 


•4404-3 


t4403-7 


4404-3 
4400-7 
4394-5 
4392-2 
4390-5 
4330-2 
4388-8 
4387-9 
4387-4 
4384-9 
4384-3 




(4404-3) 


88C 


lOr 
6 

2d 
lb 
4 
1 
2 
5 
4 
1 
1 


22699(<;^ 

22717rf 

22749<? 

22769^ 

22770rf 

227711? 

22779<? 

22783<? 

22786rf 

2279dd 

22801<i 


4380 


♦4382-9 


§4382-6 


43830 
4376-9 
4376-4 
4376-6 




(4382-9) 
4379-1 


8sc 


12r 
1 
1 
6 


22SlObod 
22829^/ 
22843 
228471? 



• Obserred alsc by Lecoq de BolBbaudran In the Spark Spectnun of Ferric Chloride solution, 
t Bee Caldum. * (4404-8)— Kirchhoff. $ (4382-9)— Kirchhoff ; Bee Calcium, 

n Leas refrangible than the Manganese line 4414-3. 
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Ikon — oonUnMe'd, 



I. 


Spark Spectrum 


II. Arc Spectnim 


Intensity and 
Character 


Osc. Freq. 


Uuggins 


Thal^n 


Hartley 
andAdeney 


Vogel 
and Thal^n 


Coma 


Liveing 
and Dewar 


I. 


II. 


a 


h 


c 


d 


e 


/ 














4374-2 








1 


22854e2 








4373-3 








3 


22859^ 








4372 4 








1 


22864^? 








4369-3 








6 


22880^ 








4367-6 








2 


22889^ 








4367-2 








6 


22891^ 








4365-5 








2 


22900<; 








4362-5 








lb 


22916^ 








4360-5 








2 


22926d 








4358-1 








6 


22939<; 








4352-3 








8 


22969<f 








4351-0 








4 


22982<; 








4348-6 








2 


22989i 








4347-4 








2 


22995^ 








4346-2 








4 


23002<i 








4344-2 








1 


23012/? 




43481 




4343-3 
4342-7 
4340-0 








2 
2 

lb 


23018^^ 

23020<i 

23035^ 






43380 


4337-8 
4336-6 






4sd 


3 
10 


23046^ 
23053^ 


■-^ 






43320 
4330-6 
4327-3 
4326-6 
4326-3 








1 
2 
2 
4 
1 


23077/« 
23085^ 
23102<£ 
23106^^ 
23107<« 


4324 


*4326-2 


t43260 


§4325-3 

1(4321 -4 

4320-2 




(4326-2) 


8sc 


lOr 
4 
lb 


231Uhcd 

23134/2 

23140/2 




4314-6 




4314-6 




(4314-6) 


68d 


lOr 


231705/2 








4310-0 
4309-2 








1 
4 


23195/2 
23199/2 


G4307 


*4307-2 


t4307-l 


4307-3 




(4307-2) 


8sc 


lOr 


2S210bcd 


4303 






4304-7 
4304-0 
4301-7 






3s 


5 
2 

4 


23223/2 
23227/2 
23240/2 


4300 


4298-5 


J" 4298-3 
1 4293-3 


4298-8 






3s 


10 


23257J/?/2 






4297-6 








4 


23262/2 


4294 


4293-9 


4293-7 






3sd 


8 


2B2SSbcd 








4291-7 








2 


23294/2 








4291-2 








3 


23296/2 








4290-5 
4289-9 

4288-7 
4287-7 
4286-7 








1 
2 
1 
2 
2 


23300/2 
23304/2 
23310/2 
23315/2 
23321/2 




4286-0 




4286-2 
4285-2 






4sd 


1 

4 


233245/2 
23329/2 






4281-7 


4282-1 
4280-0 
4279-4 






2sd 


8 
1 
2 


23347/?/2 

23357/2 

23361/2 



• Observed also by Lecoq de Boisbaudran in the Spark Spectrum of Ferric Chloride solution, 
t 4326-6— Kirchhofr. X 4306-9— KirchhoflE. § Possibly not due to Iron, 

g Calcium : 4318-2, 4307-2, 4305-4, 4802-1, 4298-5, 4289*0, 4282-7. 
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iBQif — continued 


1 








I. Spark Spectrum 


II. Arc Spectmm 


Intensityand 
Character 


Oec. Freq. 


Hofffiins 


Thaltfa Hartley 


Voffel 


Cornu I'iveing 






^wo 




and Adeaey 


and ThaMn 


V/V& AAU 


aodDewar 


I. 


II. 






6 


c 


d 


€ 


/ 




1 




' 






4279-2 






23362^ 








4277-9 








2 


23369^ 








4277-3 




« 




In 


23372^ 








4276-4 








2 


23377^ 








4276-3 








1 


23381<? 








4273-7 








2 


233d2d 


4272 


♦4271-3 


4271-0 


/4271-6 
142710 




(4271-6) 


8so 


10 


23403/2 










(4270-9) 


WO\J 


10 


23406^ 








4268-6 








3 


23i20d 








4267-6 








5 


23425/f 








4266-7 








3 


23430^ 








4265-2 








1 


23iSSd 








42641 








1 


23445<2 


4259 


M2600 


4259-9 


4260-2 
4258-4 
4258-0 
4255-3 
4254-6 
4253-6 






7so 


10 
1 
2 

Id 
Id 
1 


23i67bcd 

23i7Qd 

23478rf 

23^d3d 

23497^ 

2So02d 




*4250-5 




4250-6 






108C 


10 


23519^^ 




4249-8 


4249-8 


4249-8 
4247-9 






8sc 


10 
3 


2Z523bod 
23534^ 




•5 4247 




4247-1 
4246-7 
4244-9 
4243-4 
4243-0 
4242-3 
4240-7 
t4239-4 
4238-5 
4237-7 
4236-8 






4sd 


8d 

3 

6 

1 

1 
8 
1 
4 
6 
4 
2 


23538^^ 

23546^ 

23550^ 

23559^; 

23561^ 

23565<2 

23674<2 

23581<e 

23586<2 

23590^ 

23695^ 




*4235-5 




4235 6 






6sd 


8 


23602^^ 




42330 




42333 
4229-0 






68d 


8 
2 


23619^ 
23639<2 




t*4226-8 


, 


4227-0 
4225-9 
4225-5 






2sd 


10 

1 
2 


23650^^ 

23656^ 

23659<; 








42250 
4224-1 
4223-7 








4 

1 
4 


23661^ 
23666^ 
23669^ 




4221-7 




4221-8 
4219-8 






28d 


6 
3 


23QS0bd 
23690^ 




4218-3 




4218-8 

4217-2 

t4215-7 

4213-2 




1 


2sd 


6 
5 
6 
4 


23701 6rf 
2S705d 
2$7Ud 
23728<i 




4209-9 


. 


4209-8 
4208-2 
4206-7 
4206-3 






2sd 


8 
5 
4 
3 


237^7bd 
23756d 
23764rf 
23767<2 1 



* Obeerved also by Lecoq de Bolsbaudraii in the Spark Spectrum of Ferric Chloride solution 
t See Calcium. ♦ Possibly due to Manganese. 
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Iboji — contiMted, 



I. 


Spark Spectram 


11. Arc Spectrum 


Intensity and 
Character 


Osc. Freq. 


Huggins 


Thal^n 


Hartley 


Vogel 


f!orfin 


Liveing 






Jh HCwH^JlA 


andAileney 


and ThaMn 


Vi/VAUIU 


and Dewar 


I. 


II. 




a 


h 


c 


d 


e 


f 














4205-0 








2 


23774i 








4203-5 








6 


23782rf 


4201 


♦4201-6 


4201-4 


t4201-6 
4200-3 






6sc 


10 
2 


23794ftc^ 
23800^ 


4199 


♦4198-0 


4198-4 


/ 4198-7 

14197 7 

4195-7 

4195-3 






38C 

lOsc 


101 
10/ 

4 

5 


23814^^^ 

23827^ 
23829<i 




4191-2 




4190-9 






8sc 


10 


23863M 




r 4187-2 
\ 4186-7 




/ 4187-3 
\ 4186-6 






lOsc 


10 


23875J^ 










lOsc 


10 


23878»<2 








4184-4 








6 


2Zm\d 




4181-3 




4181-8 
4181-3 








3 
8 


23907^ 
23909i 




4177-0 


9 


4177-2 
41760 
4175-2 
4174-3 
4173-4 
4172-8 
4172-2 
4171-5 
4170-4 
4168-4 
4167-3 
4164-8 
4163-0 
4160-9 
4158-2 
4157-2 
4156-2 
4154:2 








4 

4n 

6 

4 

1 

2 

3 

4 

4 

lb 

2 

lb 

lb 

1 

4 

6 

6 

4 


23933d<2 

23940^ 

23944<2 

23949^ 

23954<; 

23958^ 

23961<2 

23965^ 

23972^ 

23983 

23989i 

24004 

24014<e 

24026 

24042^ 

24048^ 

24054^ 

24065<2 




*4 153-8 




4153-8 
4153-2 






6sd 


6 
6 


24067W 
2iQnd 


4151 


4151-6 




4151-4 
4149-7 






4sd 


2n 
1 


2^%0hd 
24091^ 




4148-6 




4148-6 
41470 
4145-4 






48d 


2 
4 
1 


24098M 

24107rf 

24116^ 


4142 


*4143-1 


41430 


4143-2 
4142-7 
4142-2 
4130-2 
4136-3 






6bc 


10 
10 

1 
lb 

6 


2inQhcd 

24132^ 

24141^ 

24152<; 

24169^ 


«f 


*4 133-9 




4134-0 
4133-2 
4132-2 






88C 


6 
1 
4 


2^l%Ud 

241874 

241934 


4131 


4131-6 




4131-3 
4126-9 
4125-5 
4123-2 
4121-8 






lOsc 


10 
6 

4b' 
2 
2 


24198^4 

242244 

242334 

242464 

242544 



* Obeerred also iii the Spark Speotrnm of Ferric Chloride solution by Lecoq de Boisbaodran, who gives 
also lines at 6096, 6046, 6980, 6930, 6865, and 6829. t Possibly due to BlauKHiiese. 
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IBOR — eontinued. 



I. Spark Spectram 


II. Arc Spectmm 


Intensitrand 
Character 


Obc. Freq. 


Huggins 


ThaMn 


Hartley 
and Adeney 


Vogel 
and Thal^n 


Cornu 


Liveing 
and Dewar 


I. 


II. 


a 


b 


e 


d 


« 


f 




4 










41211 








24258^ 








4119-5 








4 


24268^ 




4117-8 




4117-8 
4113-7 
41123 
4109-2 
4106-8 
4105-7 
4103-5 
41C0-2 
4097-6 
4095-6 
4086-5 
4084-7 
4084-4 
4083-9 
4079-7 
4079-3 
4077-8 
40760 
4074-2 
4073-1 






880 


8 
4 
3 
6 
6 
1 
3 
4 
6 
5 
2 
4 
4 
6 
2 
2 
2 
6 
3 
3 


U21U 

24302^ 

24310^ 

24327^ 

24343<2 

24349<2 

24362<2 

24382^ 

24397<i 

24409^ 

24464/2 

2U7^bd 

24476^ 

24479rf 

2A60id 

24507^ 

24516<2 

24527<2 

24536^ 

24544<2 


4074 


♦40710 


4071-5 

( 


4071-0 
4069-7 
4067-3 
4066-7 
4066-3 


4071-1 


(40710) 


88C 


lOr 
2 
4 
2 
2 


2i&5ehede 

2i&65d 

24579<sf 

Z^5S3d 

24686<2 


4067 


♦4062-9 




40630 


4063-0 
4061-8 
4059-2 


4062-9 


(4062-9) 


88C 


lOr 
4 
1 


2i606bode 

24612<< 

24628i2 








4058-2 








1 


24634^ 






J 


4057-6 








2 


24638^ 






^ 




4056-7 








1 


24643<2 










4064-2 








4 


24658<2 










4061-7 








2b 


24674^ 










4048-2 








1 


24695<2 


4047 


♦40460 




4046-4 


4045-3 


40450 


(40460) 


Ssc 


lOr 


2^mhcde 






V 


40440 
40433 
4040-5 
40395 
4033-9 
4032-4 
40320 
4031-3 
4030-0 
4024-0 
4021-3 
4017-6 
4016-4 
4013-8 








4 
4 
2 
2 
4 
4 
2 
1 
6 
4 
4 
1 
5 
4 


24721<2 
24725<2 
24742<2 
24748^2 
24783^ 
24792rf 
24794*2 
24798<2 
24807rf 
24843^ 
24860^ 
24884<2 
24890*2 
24907i2 








1 


4013-0 








1 


24912<2 



• Obserred also in the Spark Spectrum of Ferric Chloride solution by Leonq de Boisbandxiin. who riTes 
also lines at 6095, 6045, 5980, 5986, 5865, and 5829. ^ w«H»uuran, wno pt«i 
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IBOK. — eowtimied. 



I. Spaik Spectrum 


XL 


Arc Spectmm 


Intensitjand 
Character 




1 














Osc Freq. 


Huggine 


Thal^n 


Hartlev and 
Adeney 


Thal^n 
andVogd 


Gomu 


Lockyer 


I. 


II. 




a 


h 


e 


d 


9 


/ 














40090 
4006-6 
4006-5 








4 
1 
1 


24936<2 
24951^ 
24958^ 




4004-8 


40060 


4004*3 
4000-9 
3999-5 


4004*3 




4so 


6 
2 

1 


2^d^^hcde 

24987^ 

24996^ 








3997-2 


3996-7 


3997-6 




4 


2b0l\def 








3996-7 




3996-9 
3996-6 
3995-2 
3993-6 
3984-6 
3983*2 
3980-8 
3976-8 
3975-8 
3976-5 
3970-3 
3969*6 
3968*6 
3968-3 




4 


25012^/ 

25014/ 

25023/ 

25033/ 

25089/ 

25098/ 

25113/ 

25138/ 

26146/ 

26146/ 

26179/ 

26184/ 

25190/ 

25192/ 


H. 


■ 


•3968-7 


39681 
3951 -4 


3966-7 
3966-9 

3941-8 


3967-0 
3966-6 
3966-1 
3964-6 
3963-6 
39621 
3969-2 
3956*7 
3955-5 
3954-2 
3952-1 
3951*6 
3950-1 
3948*8 
3947-8 
3947-2 
3946-7 
3946-0 
3944-2 
3943 8 
3942-6 
3941-6 
3940-3 
3939*7 
3936-3 
3934-7 
3934-3 


680 




26197cdef 

25210/ 

26212/ 

25216/ 

26222/ 

2623^ 

25250/ 

25272/ 

25273/ 

25282/ 

25295/ 

25299^ 

25308/ 

25316/ 

25323/ 

25327/ 

26330/ 

25334/ 

25346/ 

25349/ 

25357/ 

2636342/ 

26371/ 

25375/ 

26397/ 

25407/ 

2541Q/ 


H, 




♦39331 


3933-0 


3932-9 


3931*7 
3930-2 


3sd 




25ilScde 
25436/ 






/ 3929-7 
\ 3927-6 




3929-8 


3929-6 


38C 




25iS2eef 








3927-3 


3927-0 


3sc 




25455€ef 



* See Calcium. 



G 
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Iron — continued. 



I. Spark Spectrum 


II. Arc Spectrum 


Intensit}' and 
Character 


Osc. Freq. 


Huggins 


Hartley 
and Adeney 


ThaWn 
and Vogd 


Comu 


Lockyer 


I. 


II. 


a 


c 


d 


e 


/ 
















3925-3 






25468/ 










3924-9 






25471^ 




3922-5 




3922-0 
39200 
3918-4 
3917-8 

3906-9 


3922-0 
3919-4 
3918-3 
3917-7 
3917-5 
3916-5 
3916-0 
3912-9 
3910-2 
3907-3 
3906-2 
3906-0 
3903-3 


38C 




25mcef 

25504<?/ 

25513<?/ 

25517^/ 

25519/ 

25525/ 

25631/ 

25549/ 

25572/ 

25585/ 

25692/ 

26594<?/ 

25611/ 


Liveing 




r3902-6 




3901-9 


and Dewar 


3sc 




25618c« 




1 3899-3 




3898-4 
3897-0 


(3898-4) 


3sc 




26Ulce 
25653^ 




13895-1 




3894-7 




3sc 




25667tf6! 








3892-6 








25682^ 




r3888-l 




3888-0 




3sc 




25712c« 






3887-4 








2571 6<? 




13885-7 




3886-4 








25723<? 






38860 


(3886-0) 


7sc 


r 


25727c<? 








3884-7 








25734<' 








3880-3 








25763(5 




3878-1 




3877-4 




78C 




26780<»» 




r 3872-2 

1 




3871-3 




3sc 




26820cc 






3870-6 








25828<? 




L 3866-2 




r 3865-5 
i 3865-2 
L 3864-8 




3sc 




25863c« 














25864<j . 














25867d 








3860-6 








25895d 




/ 3869-6 
\ 38661 




3869-3 




78C 


r 


2590Hce 






3866-7 




7sc 


r 


25926(71? 








3853-7 








25941^ 








3852-7 








25948<? 








3851-8 








25964i; 








38500 








25966^; 




3849-1 




3849-7 
3845-9 
3844-6 
3841-9 




3sc 




25970cff 
25994<; 
26002^ 
26021^ 






3840-3 




J 3840 6 
\ 3840- 1 




7so 




26030^ 
26033» 




« 






3838-5 








26044ft 






3834-0 




3833-6 




7sc 


r 


26076* 




(3827-4 
J 3826-6 




3827-7 




7sc 


r 


2eil9ah 






3825-3 




7sc 


r 


26131aft 






^ 3824-0 




3824-1 




6sc 


r 


26U2ab 
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IBON — eoHtintud 



I. Spark 


II. Arc 


Intensity and 




I. Spark 


II. Arc 


, Intensity and 




Spectrum 


Spectrum 


. Character 


Osc. Freq. 


Spectrum 


Spectrum 


Character 


Osc. Freq. 


Hartley 


Gornu 
5 






Hartley 


Comu 






and Adeiiey 
a 


I. 


II. 




and Adeney 
a 


5 


I. 


IL 




L 3820 3 


♦3819-7 


7sc 


r 


26170^5 




3685-0 






271295 






3819-2 






261765 


[3683-0 


3683-9 


Snc 




27141a5 


• 




3816-9 






261925 




3681-7 






271635 




3815 8 


3816-3 




r 


26201^5 


j 3679-6 


3680*3 


5sc 




27167^5 




3814-0 






262125 


U676-6 


3677-6 


8nc 




27196^5 


3812-6 


3812-6 


2sc 




26221a5 




3669-3 


3sc 




272455 




'38044 


38060 
3802-0 
3799-4 


3nc 




26275^5 

262945 

263125 




3662-4 
36620 
3656-2 


l9d 
2.sd 
2sd 




272965 
272995 
273435 




3798-4 


3798-7 


3sc 




26319^5 




3651-7 


3nc 




273765 






3796-8 






263305 


3649-6 


3649-4 


3nc 




27393a5 




3794C 


3794-9 


3sc 




2634o«5 




3648*6 


7sc 


r 


273995 






37933 
3792-7 






263655 
263695 


3647-6 
J 36400 
1 3637-8 


3646-9 
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4 


36987 
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IBOK — cowtmued. 



I. Spark 


11. Arc 


Intensity 




I. Spark 


II. Arc 


Intensity 




Spectrum 


Spectrum 


and Character 




Spectrum 


Spectrum 


and Character 












Osc. Freq. 






' 




Osc, Freq. 


LiveiDg 


Liveing 


I 


IT 


Liveing 


Liveing 


T 


n. 


and Dewar 


and Dewar 


X* 


A t-* 




and Dewar 


and Dewar 


X. 




2777-7 




1 




36989 


27291 




1 




36630 


2776-9 




1 




36000 


2728-3 


2728 3 


2 


1 


36642 


2776-1 




1 




36010 




2727-6 




1 


36653 


2774-5 


2774-5 


2 


1 


36031 


2727-1 


2727-1 


10 


4 


36658 




. 2773 1 




1 


36049 


2726-0 




1 




36673 


2771-9 


2771-9 


2 


8 


36066 




2725-6 




S 


36680 




2771-1 


. 1 




36075 


2724-3 


2724-3 


6 


2 


36690 


2770-3 


2770-3 


1 


1 


36086 


2723-1 


27231 


4 


lOr 


36712 




2769-4 




1 


36097 


2722-3 




2 




36723 


2769-1 


2769-1 


4 


1 


36101 


2721-7 




1 




36731 


2768-8 


2768-8 


. 4 


1 


36106 


i 2721-6 




1 




36734 


2767-2 


2767-2 


10 


6r 


36126 


2720-3 


2720-3 


4 


lOr 


36750 




2766-8 




1 


36131 


I 


2719-7 




2 


36768 


2765-3 




1 




36161 


' 2718-6 


2718-6 


6 


lOr 


36774 


2764-7 




1 




36158 


2718-0 


2718-0 


1 


2 


36781 




2764-0 




1 


36168 


1 


2717-4 




1 


36789 


2763-6 




1 




36173 


2715-7 


2716-7 


6 


1 


36812 




2763-0 




4 


36181 




2714-9 




1 


36823 


2762-4 




1 




36189 




2714-4 




1 


36830 




2761-9 




4 


36196 


2713-8 


2713-8 


10 


10 


36838 


2761-7 


2761-7 


6 


6 


36198 




2713-5 




1 


36842 




2759-7 




1 


36225 


2711-9 




1 




36864 




2757-2 




4 


36267 


2711-5 




6 




36869 


2766-9 




1 


' 


36263 


2711-2 


2711-2 


4 


6 


36873 




2756-2 




6 


36270 


^710-1 


27101 


1 


4 


36888 


2766-6 


2765-6 


10 


lOr 


36279 


2709-7 


2709-7 


1 


1 


36894 




2754-3 




Ir 


36296 


2708-7 




4 




36907 




2753-9 




1 


36300 




2708-1 




6 


36916 




2763-5 




1 


36306 


2706-7 


2706-7 


4 


1 


36934 


2763-0 


27630 


10 


1 


36312 


2706-0 


2706-0 


6 


10 


36944 


2752-1 




1 




36324 




2705-6 




6 


36949 


2750-8 




2 




36341 


2703-6 




10 




36977 




2750-6 




1 


36344 




2702-6 




1 


36990 


2749-8 


2749-8 


2 


8r 


36364 


2701-2 


2701-2 




1 


37010 


27490 


27490 


1 


Ir 


36366 


2699-8 




1 




37029 


t2746-6 


t2746-6 


8 


8 


36397 


2698-6 


2698-6 


2 


4 


37045 


2746-1 


27461 


6 


8 


36403 




2697-7 




1 


37058 




2744-2 




2r 


36429 


26970 




4 




37067 


2743-7 


2743-7 


2 


6 


36435 




2696-6 




1 


37073 




2743-3 




1 


36442 




2696-9 




1 


37082 


2742-8 


2742-8 


8 


6r 


36447 




2695-6 




4 


37086 


27420 


27420 


2 


lOr 


36458 




2695-0 




2 


37094 


2741-1 




2 




36470 


2694-7 




1 




37098 


2739-1 


2739-1 


10 


10 


36496 


1 


2694-4 




1 


37103 


2736-9 


2736-9 


1 


6 


36626 




2694-0 




2 


87108 


2736-5 


2736-5 


10 


2r 


36531 


2693-4 




1 




37117 


2735-0 


27350 


2 


6 


36561 


26921 


2692-1 


10 


1 


37136 




2733-9 




1 


36566 




2691-7 




1 


37140 




2733-7 




1 


36568 


2691-2 




I 




37147 


27331 


2733-1 


4 


8 


36576 




2690-9 




1 


37153 


2732-5 




1 




36586 




2689-6 




2 


37171 


2731-5 




1 




36598 




2689-3 




2 


37173. 


2730-2 


2730-2 


6 


2 


36616 


2688-8 


2688-8 


6 


6 


37180 



t Probably due to Carbon. 
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Iron — continued* 



I. Spark 


II. Arc 


Inteneity 




I. Spark 


II. Arc 


Intentdty 




Spectrum 


Spectrum 


and Character 


Osc 
Freq. 


Spectrum 


Spectrum 


and Character 


Obc. 
Freq. 


Lireinfi: 


Liyeing 


I. 


11. 


Lireinj/f 


Liveing 


I. 


11. 


and Dewar 


and Dewar 


• 


and Dewar 


and Dewar 






2687-3 




1 


87201 


2636-1 


2636-1 


1 


1 


37923 




2686-8 




1 


37208 


2636-6 


2685-6 


1 


6 


37932 




26860 




1 


37219 


26361 




1 




37938 


2686-7 




1 




37223 


2632-9 




2 




37969 


2684-2 


2684-2 


10 


1 


37244 




2632-3 




1 


37978 




2683-6 




1 


37253 


2632 


2632-0 


1 


2 


37983 


2682-4 




2 




37269 


2631-0 


2631-0 


10 


10 


37997 


2682-0 




2 




37274 


2630-7 


2630-7 


10 


10 


38000 




2681*5 




1 


37281 


2629-7 


2629-7 


2 


1 


38016 




2680-8 




1 


37291 


2629-2 


2629-2 


2 


1 


38023 


2680*4 




2 




37297 


2627*9 


2627-9 


10 


10 


38041 




2679-9 




1 


37304 




2626-8 




1 


38068 


2678-5 


2678-5 


1 


8 


37323 


2626*2 


2626-2 


1 


1 


38066 




2677-2 




1 


37341 


2625-2 


2626-2 


10 


10 


38081 


2676-1 




1 




37367 




2623-6 




1 


38104 




26751 




1 


37371 


2528-1 


2623-1 


1 


6 


38111 




2674-6 




1 


37378 


2622 6 




1 




38118 




2672-4 




1 


37408 


2621*2 


2621-2 


6 


6 


38139 


2671-8 


2671-8 




1 


37417 


2620-4 




2 




38160 


2670-8 




1 




37431 


2619*9 


2619-9 


2 


2 


38168 




2669-9 




1 


37443 


2618-6 




4 




38177 


2669-7 




I 




37446 




2H18-3 






38181 


2669-2 




1 




37453 




2617-6 






38191 




2668-7 




1 


37460 


2617-2 


2617-2 


10 


10 


38197 


2668-6 




1 




37463 




2616-0 






38229 




2667-2 




1 


37481 




2614-0 






38244 


2666-7 




1 




37488 


2613-8 


2613*8 


10 


10 


38264 


2666-1 


2666-1 


10 


10 


37497 




2612-3 






38269 




2665-7 




2 


37602 


2611-4 


2611-4 


10 


10 


38282 


2664-2 


2664-2 


10 


1 


37623 


2610*7 


2610*7 


1 




38292 




2664-0 




1 


37626 




2610-8 






38298 




2663-6 




2 


37633 


2609-3 




1 




38313 


2662-2 




1 




37662 




2609-1 






38316 


2661-6 


2661-6 


1 


4 


37660 


2608-7 


2608-7 


1 




38321 




2660-8 




2 


37671 




2608-2 






38329 


2667-8 


2667-8 


6 


1 


37614 


2606-7 


2606-7 


6 


6 


38351 




2656-4 




1 


37634 


2606-6 


2606-5 


1 


1 


38364 


2656-7 


2656-7 


2 


2 


37644 


2606-1 




2 




38360 


2664-4 




1 




37662 


2606-6 




1 




88367 


2653-3 




1 




37678 




2605-8 






38372 


2652-2 




1 




37693 


2606-1 




2 




38374 




2660-9 




1 


37712 


2604-9 




2 




38376 


2650-4 


2650*4 


2 


1 


37719 




2604-4 




1 


38385 


2649-2 




4 




37736 


2603-6 




1 




38394 


2647-3 


2647-3 


1 


4 


37763 




2603-5 




1 


38397 


2646-8 




1 




37784 




2699-7 




1 


38454 




2645-2 




2 


37793 


2698-9 


2598-9 


10 


10 


38466 


2644-9 


2644-9 


6 


1 


37797 


2697-8 


2597-8 


10 


10 


38484 


2643-8 


2643*8 


1 


6 


37813 




26960 




1 


38609 


2641-7 




1 




37843 




2696-2 




1 


38621 


2641-4 


2641-4 


1 


4 


37847 


2£t94-6 




1 




38631 


2640-7 




1 




37857 




2693-6 




1 


38646 


2639' 2 




4 




37879 


2593*1 


2693-1 


6 


6 


38562 


2637 




6 




37906 


2692-2 




6 




38566 


■ 


2636-6 




1 


37916 




2691-7 




1 


38574 
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IBON — continued. 



I. Spark 


II. Arc 


Intensity 




I. Spark 


II. Arc 


Intensity 




Spectrum 


Spectrum 


and Character 


Osc. 
Freq. 


Spectrum 


Spectrum 


and Character 


Osc. 
Freq. 


Liveing 


Liveing 


I. 


II. 


Liveing 


Liveing 


I 


IT 


and Dewar 


and Dewar 




and Dewar 


and Dewar 


X* 


AX. 




2691-0 


2691-0 


6 


6 


38583 




2552-3 




1 


39168 


25900 




1 




38598 


2550-8 


2560-8 


1 


1 


39191 


2588-2 




1 




38625 


2560-3 




2 




39198 


2587-6 


2687-5 


6 


6 


38635 


2649-7 




2 




39208 


2685-4 


2585-4 


10 


10 


38667 




2549-2 




8r 


39216 


2584-0 


2584 


1 


8 


38688 


2649-1 




2 




39217 


26820 


2582-0 


6 


4 


38718 


2549-0 




2 




39219 




2681-7 




4 


38722 


2548-4 




2 




39228 




2580-9 




1 


38736 




2647*8 




1 


39237 


25806 




1 




38739 


2547-0 




1 




39249 




2580-3 




1 


38743 


2546-6 


2646-6 


2 


2 


39267 




2579-9 




1 


38749 


2645-8 


2646-8 


1 


8r 


39268 




2679-6 




1 


38755 


2544-9 




2 




39282 




2579-3 




1 


38768 




2644-6 




4 


39288 


25789 




1 




38764 


2643-7 


2643-7 


1 


6 


39300 




2678-7 




1 


38767 


2643-0 


2548-0 


6 


1 


39311 




2678-3 




1 


38773 


2542-4 




1 




39321 


2677-4 


2677-4 


6 


6 


38787 


2541-7 


2541-7 


I 


6 


39331 


2676-5 




4 




38800 


♦2641-6 




4 




39333 




2676-2 




6 


38806 


2640*8 


2540-8 


4 


8r 


39346 


2676-7 


2675-7 


1 


4 


38812 


2540-4 




2 




39351 




2675-3 




2 


38818 




2539-1 




1 


39372 




2674-8 




2 


38826 


2638-6 


2538-6 


10 


2 


39379 


2574-0 


26740 


6 


1 


38838 


2638-0 




4 




39389 


2672-8 




1 




38866 




2536-9 




6 


39406 




2672-6 




1 


38861 


2536*6 


2536-6 


10 


2 


39411 


2671-2 




1 




38880 


2535-2 


2536-2 


6 


8r 


39432 


2670-6 




4 




38889 


2634-2 


2534-2 


8 


Ir 


39448 




2570-1 




2 


38897 


2633-4 


2533-4 


8 


6 


39460 


2569-4 


2569-4 


1 


1 


38908 




2532-6 




1 


39473 


2668-6 


2568-6 


1 


1 


38920 




2632-4 




1 


39476 


2568-1 




2 




38927 


2632-0 


26320 


1 


2 


39482 


2566-7 


2666-7 


6 


6 


38948 




26311 




1 


39496 


2666-0 




4 




38959 


2530-4 


2530-4 


1 


4 


39607 




2665-1 




1 


38973 


2529-9 




1 




39516 




2564-2 




1 


38986 




2629-6 




6r 


39620 


26632 


2663-2 


8 


8 


39002 


2529-2 




8 




39626 


25623 


2662-3 


8 


8 


39016 


2528-9 


2628-9 


1 


6r 


39530 




2561*9 




1 


39024 




♦2628-1 




1 


39643 




2561-5 




1 


39029 




2527-9 




1 


39646 




2560-9 




1 


39037 


2527-1 


26271 


2 


8r 


39659 




2560-3 




1 


39046 


2626-7 




2 




39565 


2660-0 


2660-0 


4 


1 


39050 


2626-0 


2526-0 


8 


2 


39676 


2569-6 




2 




39067 


2525-1 


2526-1 


8 


1 


39590 


2658-9 




1 




39067 




2524-7 




2 


39601 




2658-3 




1 


39076 


♦2523-9 


♦2523-9 


1 


8r 


39609 


2557-2 




1 




39093 


2523-3 


2523-3 


1 


2r 


39618 




2566-6 




1 


39102 


2522-5 


2622-5 


8 


10 


39631 




2566-0 




1 


39111 


2621-6 


2621-5 


6 


1 


39646 


2665-2 




2 




39124 


2520-8 


2520-8 


6 


1 


39657 




2564-9 




1 


39128 


2519-3 


2519-3 


1 


2 


39681 


2654-8 




2 




39130 


♦2518-8 


♦2618-8 


6 


6r 


39689 


2663-4 




1 




39151 




2618-6 




Ir 


39694 


2662-8 


2652-8 


1 


1 


39160 


2617-8 


2617-8 


1 


6 


39706 



• Probably due to Silicon. 
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Ibon — eontinned. 



I. Spark 


II. Arc 


Intensitj 




I. Spark 


n. Arc 


Intensity 




Spectrum 


Spectram 


and Character 


Osc. 
Freq. 


Spectram 


Spectrum 


and Character 


Osc. 
Freq: 


Liveing 


Liveing 


I. 


II. 


Liveing 


Liveing 


L 


IL 


and Dewar 


and Dewar 




and Dewar 


and Dewar 






2517-4 




2 


39711 


2481-8 


2481-8 


6 


Ir 


40280 


2516-8 


2516-8 


6 


1 


39720 


2481-3 




1 




40288 




2516-3 




1 


39728 


2480-7 




1 




40298 


♦2615-8 


♦2615-8 


1 


10 


39736 


24800 


2480-0 


8 


Ir 


40310 


2514-7 




4 




39764 


2479-5 


2479-5 


1 


8 


40318 




2614-3 




1 


39760 




2479-2 


« 


1 


40323 


♦26141 


♦2614-1 


6 


6 


39763 


2479-0 




1 




40326 




2513-2 




1 


39777 


t2478-3 


t2478-3 


6 


10 


40337 


25] 2-2 


2512-2 


4 


6 


39793 


2477-9 




1 




40344 




26120 




6 


39796 


24771 




2 




40367 




2611-6 




1 


39803 


2476-6 


2476-5 


1 


2 


40367 


t251l-4 


t2611-4 


10 


1 


39806 


24760 




1 




40375 


2510-6 


2510-6 


2 


8r 


39819 




2475-8 




1 


40378 


t2508-8 




2 




39841 


2475-5 




I 




40383 




12508-5 




2 


39862 


2474-9 




1 




40393 


2607-9 




1 




39861 


2474-6 


2474-5 


6 


6r 


40399 


2507-6 


2507-6 


1 


6 


39864 


2472-9 




2 




40426 


♦2506-6 


♦2506-6 






39882 




2472-7 




I 


40430 




2506-2 




1 


39888 


2472-4 


2472-4 


2 


8 


40433 


2505-8 




6 




39895 


2471-9 


2471-9 


4 


6 


40442 




2605-2 




1 


39904 




2470-5 




1 


40466 


2504-9 


2504-9 


1 


1 


39907 


2470-3 




8 




40468 


2503-6 




6 




39930 


2469-0 




6 




40489 


26031 




6 




39938 


2468-4 


2468-4 


1 


6 


40499 




26030 




1 


39939 


2467-8 




2 




40610 


25021 


2502-1 


8 


Ir 


39964 




2467-2 




2 


40519 




2501-4 




2 


39966 


2466-4 


2466-4 


8 


2 


40532 


2500-9 


2500-9 


1 


8 


39973 


2465-4 




6 




40648 


2600-7 




'4 




39976 


2464-7 


2464-7 


4 


6r 


40560 


2498-7 


2498-7 


10 


1 


40008 


2464-6 




4 




40663 


2497-6 


2497-5 


8 


1 


40027 


2463-7 




4 




40576 


2496-3 


2496-3 


1 


6 


40046 




2463-4 




2 


40581 


2495-6 


2496-6 


4 


2 


40068 


2462-8 


2462-8 


4 


1 


40691 




2493-9 




1 


40086 


2462-3 


2462-3 


4 


1 


40599 


2493-7 


2493-7 


2 


2 


40088 




2461-9 




6 


40606 


2492-9 


2492-9 


10 


6 


40099 


2461-4 




6 




40614 


24920 


2492-0 


1 


1 


40116 


24610 


2461-0 


6 


1 


40621 


24911 




6 




40130 




2460-8 




1 


40624 




2491-0 




8r 


40132 


2460-2 


2460-2 


4 


1 


40634 


2490-5 


2490-5 


8 


lOr 


40140 


2468-5 


2468-6 


10 


1 


40662 


2489-5 


2489-6 


8 


lOr 


40156 




2468-2 




1 


40667 


2489-2 




4 




40161 


2457-4 


2467-4 


2 


8 


40680 




2488-7 




1 


40169 


2456-4 




1 




40697 


2487*7 


2487-7 


6 


10 


40186 




2466-0 




1 


40703 




24871 




2 


40195 


2456-7 




1 




40712 




2486-8 




2 


40199 




2466-3 




1 


40715 




2486-4 




2 


40206 


2454-3 




6 




40732 


24861 


2486-1 


8 


2 


40211 


2453-8 




1 




40741 




2486-7 




Ir 


40217 


2453-5 




2 




40746 




2484-7 




Ir 


40233 




2463-2 




6 


40760 


2483-7 


2483-7 


6 


6 


40250 


2452-9 




1 




40765 


2483-3 




1 




40266 




2452-3 




1 


40765 


2482-9 


2482-9 


1 


10 


40262 




2451-8 




1 


40773 


2482-4 




6 




40271 




2461-3 




1 


40781 



• Probably due to Silicon. 



t Probably due to Carbon. 
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Imos— continued. 



I. Spark 


11. Arc 


Intensity 




I. Spark 


II. Arc 


Intensity 




Spectrum 


Spectrum 


and Character 


Osc. 
Freq 


Spectrum 


Spectrum 


and Character 


Osc. 
Freq. 


Liveing 


Liveing 


I. 


II. 


Liveing 


* 

Liveing 


I. 


n. 


andDewar 


and Dewar 




and Dewar 


and Dewar 




24510 


24610 


2 


1 


40786 




2417-1 




1 


41368 




2450-7 




1 


40791 


2416-8 


2416-3 


2 


1 


41372 


24600 


2460-0 


4 


1 


40803 




2415-4 




I 


41387 


i2449-6 




4 




40810 


2414-8 


2414-8 


1 


I 


41398 




2448-6 




1 


40828 


2413-8 


2413 8 


1 


1 


41416 




2448-1 




1 


40836 


2413-0 


2413-0 


10 


10 


41428 


2447-5 


2447-5 


6 


6 


40846 




2411-4 




1 


41456 


2447-1 




6 




40851 


2410-7 


2410-7 


10 


10 


41468 


2446-3 


2446-3 


6 


1 


40866 


2410-2 


2410-2 


10 


10 


41477 


2445-9 




1 




40871 


2408-4 






1 


41608 


2445-4 


2445-4 


6 


1 


40880 


2407-6 


2407-6 


1 


1 


41521 


2444-9 


2444-9 


1 


1 


40888 




2407-3 




1 


41527 


2444-3 


2444-3 


10 


2 


40898 




2406-9 




1 


41534 


2443-7 


2443-7 


1 


6 


40908 


2406-6 




1 




41539 


2442-3 


2442-3 


2 


8 


40932 


2406-3 


2406-3 


10 


10 


41644 




2441-6 




1 


40945 


2405-6 




1 




41668 


24410 




1 




40963 


2404-6 


2404-6 


10 


10 


41575 


24401 




6 




40968 


2404-2 


2404-2 


6 


6 


41580 




2439-8 




6 


40976 


2402-3 


2402-3 


2 


1 


41613 


2439-4 


2439-4 


1 


8 


40980 


2401-9 


2401-9 


2 


1 


41620 


24390 




8 




40987 




2401-4 




1 


41629 




2437-9 




4 


41006 


2401-0 


24010 


1 


1 


41633 


2437-3 




1 




41016 


24000 


2400-0 


8 


1 


41663 


2436-9 




2 




41022 


23990 


23990 


10 


10 


41670 


2436-4 




2 




41031 


2398-5 




1 




41679 


24360 


2436-0 


1 




41037 




2398-0 




1 


41688 


2436-6 


2436-6 


1 




41051 


2396-5 




2 




41714 


*2434-7 


*2434-7 


6 




41059 


2395-4 


2396-4 


10 


10 


41733 


2434-3 


2434-3 


6 




41066 


2396-2 


2395-2 


6 


6 


41736 


2433-9 


2433-9 


1 




41073 


2394-7 




1 ■ 




41745 


2433-2 




4 




41086 




23941 




1 


41765 


2432-6 




8 




41097 




2392-8 




1 


41778 


2431-8 


2431-8 


8 




41107 


2392-4 


2392-4 


1 


1 


41786 




2430-7 






41127 


2391-3 


2391-3 


4 


6 


41804 


2430-6 


2430-6 


1 




41130 


2390-7 




1 




41815 


2429-7 


2429-7 


8 




41144 


2390-1 




2 




41825 


2429-0 


2429-0 


1 




41166 




2389-9 




6 


41829 


2428 7 




1 




41161 


2389-2 




1 




41841 


2428-6 


2428-5 


1 




41164 


2388-4 


2388-4 


10 


10 


41856 


2427-9 




8 




41174 


2388-0 




1 




41862 


2427-0 




1 




41189 


2387-2 


2387-2 


4 


1 


41876 


2426-4 


2426-4 


2 




41216 


2386-3 




4 




41892 


24260 


24260 


1 




41223 


■ 


2386-8 




1 


41901 


24243 




1 




41236 


2384-8 


2384-8 


2 


1 


41918 


2423-8 


2423-8 


10 




41246 


2384-2 


2384-2 


8 


8 


41929 


2422-9 


2422-9 


4 




41269 


2383-0 


23830 


8 


8 


41960 


2422-4 


2422-4 


6 




41268 


2382-7 


2382-7 


6 


6 


41966 




2421-3 






41286 


2381-7 


2381-7 


10 


10 


41973 




2420-7 






41297 


2380-5 


2380-5 


10 


8 


41994 




2420-0 






41309 


23790 


23790 


10 


8 


42020 


2419-7 




1 




41314 


2378-8 




1 




42022 




2419-4 






4 J 320 


2378-2 




1 




42034 




2418-9 






41327 




2377-6 




1 


42046 


2418-2 


2418-2 


2 




41339 




2376-9 




1 


42067 


2417-6 


2417-6 


8 




41361 


2376-2 


2376-2 


6 


1 


42070 

1 



Probably due to Silicon. 
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IBON — continued. 



I. Spark 


II. Arc 


Intensity 




I. Spark 


II. Arc 


Jntensiry 




Spectrum 


Spectrum 


and Character 


Osc. 
Freq. 


Spectrum 


Spectrum 


and Character 


Frcq. 


Liveing 


Liveing 


I. 


11. 


Liveing 


Liveing 


L 


IL 


and Dewar 
2374-9 


and Dewar 




and Dewar 


and Dewar 




2374-9 


10 


8 


42093 




2334-5 




1 


42823 




23741 




1 


42107 




2334-2 


1 




42829 


2373-4 


2373-4 


10 


8 


42120 




23331 




1 


42849 


2373-3 




4 




42121 


2332-5 


2332-5 


10 


8 


42860 




2372-7 




1 


42132 


2330-9 


2330-9 


10 


8 


42889 


2372-3 




4 




42139 




2329-3 




1 


42919 




23711 




4 


42160 


2326-9 


2826-9 


10 


8 


42963 


2870-1 


2370-1 


4 


4 


42178 




2319-9 




6 


43092 


2369-6 




2 




42187 




2319-6 




1 


43098 




2369-1 




4 


42211 




2319-2 




2 


43105 


2368-2 


2368-2 


10 


8 


42194 




2317-7 




1 


43133 


2366*2 


2366-2 


6 


6 


'42248 




2317-5 




2 


43138 


2365-3 




2 




42264 




2316-7 




1 


43152 




2365-1 




1 


42267 




2313-6 




1 


43212 


2364-4 


2364-4 


10 


8 


42280 




2312-7 




8 


43227 


2363-5 




6 




42296 




2312-0 




1 


43240 


2363-3 




6 




42299 




2311-6 




1 


43249 


2362-9 




1 




42306 




2311-0 




2 


43268 


2361-6 


2361-6 


6 . 


4 


42330 




23106 




1 


43268 


2361-3 




1 




42337 




2309-8 




1 


43290 




2360-3 




1 


42355 




2308*6 




8 


43305 


2859-9 


2359-9 


10 


8 


42362 




23060 




4 


43362 


2369-7 


2359-7 


10 


8 


42366 




2305-8 




2 


43360 


2369-2 


2359-2 


1 


1 


42375 




2304*4 




2 


43382 


2358-7 


2358-7 


10 


10 


42384 




2303-4 




6 


43401 


2356-7 




4 




42420 




2303-2 




6 


43406 




2355-6 




1 


42440 




2801-4 




6 


43439 


2355-1 


2355-J 


2 


1 


42448 




2301-0 




4 


43446 


2354-8 




2 




42454 




2300-4 




2 


43468 


2354-6 


2354-6 


6 


6 


42458 




2300-0 




6 


43465 


2354-1 


23541 


6 


1 


42467 




2299-2 




1 


43480 


2353-3 




2 




42481 




2299-0 




6 


43484 


2352-1 




1 




42503 




2298-6 




4 


43492 


2351-5 


2351-5 


1 


1 


42514 




2298-0 




6 


43603 


2350-9 


23509 


8 


1 


42524 




♦2297-6 




6 


43607 


2349-9 


2349-9 


1 


1 


42542 




2296-8 




6 


43626 




2349-5 




1 


42550 




2294-2 




6 


43675 


2349-0 




1 




42659 




2293-6 




6 


43686 


23480 


2348-0 


10 


10 


42677 




2292-3 




6 


43611 


2347-8 


2347-8 


10 


10 


42681 




2291-4 




1 


43628 


2346-4 




1 




42606 




2290*9 




4 


43638 


2345-9 


2345-9 


1 


1 


42616 




2290-6 




1 


43644 


2344-9 




6 




42633 




22903 




4 


43649 




2344-7 




4 


42637 




2289-9 




2 


43658 


2343-9 


2343-9 


6 


4 


42661 




2288-8 




6 


43678 


2343-6 


2343-6 


2 


1 


42667 




2287-9 




1 


43695 


2343-1 


23431 


10 


10 


42666 




2287-4 




6 


43704 


2341-8 




1 




42690 




2287-1 




6 


43710 


2341-6 




1 




42693 




22840 




6 


43769 




2341-2 




1 


42701 




2283-6 




4 


43777 


2340-0 


23400 


1 


2 


42722 




2283-2 




2 


43785 




2339-3 




6 


42736 




22830 




2 


43789 


2339-0 


23390 


1 


8 


42741 




2282-8 




1 


43792 


2337-7 


2337-7 


10 


8 


42764 




2281-8 




1 


43812 




2334-8 




1 


42817 




2280 




4 


43846^ 



* Probably due to Silicon. 
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• 






Iron 


—contin/ued. 










Arc 






Arc 






Arc 






Spectrum 


Intensity 

and 
Character 


Osc 
Freq. 


Spectrum 


Intensity 

and 
Character 


Osc 
Freq 


Spectrum 


Intensity 

and 
Character 


Osc. 

Freq. 


Liveing 


Liveing 


Liveing 


and Dewar 






and Dewar 






and Dewar 






2270-7 


6 


43850 


2262-4 


1 


44187 


2225-2 


4 


44926 


2277-5 


4 


43892 


2260 7 


2 


44220 


2216-2 


6 


45108 


2276-9 


4 


43906 


2260-4 


2 


44226 


2214-1 




46161 


2276-7 


4 


43929 


2259-8 




44238 


2211-4 




46206 


2275-2 


1 


43939 


2259-2 




44260 


2210-4 




46226 


2274-9 


4 


43956 


2255-4 




44324 


2207-5 




45286 


2273-8 


4 


43966 


2252-8 




44375 


2200-2 




46436 


2272-6 


4 


43991 


2251-6 




44399 


2200-0 




45440 


2271-8 


4 


44004 


22512 




44407 


2199-3 




46466 


2271-5 


4 


44010 


2250-6 




44419 


2196-5 




45533 


2270-5 


4 


44030 


2250-5 




44421 


2191-3 




46620 


2268-8 


1 


44063 


2248-8 




44464 


2186-8 




45718 


2267-2 


6 


44094 


2248-5 




44460 


2186-1 




45729 


2266-8 


2 


44101 


2245-3 




44624 


2183-7 




46779 


2266-6 


1 


44106 


2243-9 




44561 


2181-5 




45826 


2265-7 


1 


44127 


2242-2 




44585 


2178-0 




45899 


2264-7 


2 


44145 


2240-2 




44625 


21770 




45920 


2264-2 


2 


44162 


2230-9 




44811 


2173-4 




45996 


2263-2 


1 


44172 


2229-7 


6 


44836 


2171-7 




46032 


2262-8 


1 


44179 


2227-3 


6 


44883 


2167-4 




46123 



Lanthanxtm. 

Kirchhoff, * Berlin Akad.* 1861. 

Bunsen, * Pogg. Ann.* civ. 366 ; » Phil. Mag.* (4) 1. 367. 

Thal6n, * Kongl. Svenska Yetenskape-Akademiens Handl.* zii. No. 4. 1874. 



Spark Spectnim 


Intensit}' 
and 


Osc. 


Spark Spectrum 


Intensity 
and 


Osc. 










ThaMn 
a 


Kirchhoff 
b 


Character 


Freq. 


Thal^n 
a 


Kirchhoff 
b 


Character 


Freq. 


64560 




4 


15486a 


6973-0 




6 


16737a 


6410-0 




4 


15696a 


6929-0 




8 


16861a 


6392-6 




8 


16639a 


6873-0 




1 


17022a 


6389-0 




2 


16647a 


§6867-0 




1 


17040a 


63260 




2 


16806a 


6862-5 


5860-6 La. Di. 


4 


17052a 


6318-0 




2 


16823a 


6856-0 




2 


17074a 


6310-0 




2 


16843a 


6851-0 




1 


17086a 


6294-0 


6293-7 La. Di. 


4 


15883a 


5847-5 




2 


17096a 


6264-0 




2 


16960a 


5828-0 




1 


17153a 


6261-5 




4 


15968a 


5821-6 




1 


17173a 


6249-0 




8 


15998a 


5820-0 




4 


17177a 


6187-0 




2 


16168a 


68070 


6806-2 La. Di. 


1 


17216a 


§61320 




2 


16303a 


6804-6 


5805-1 La. Di. 


6 


17223a 


6128-0 




2 


16314a 


67940 


6795-9 La. Di. 


6 


17264a 


61240 




4 


16324a 


5790-5 


67900 La. Di. 


6 


17266a 


6111-0 




1 


16369a 


5787-0 


5786- 1 La. Di 


6 


17276a 


*61070 




4 


16370a 


6769-0 


6767-7 La. Di 


8 


17329a 


6099-0 




2 


16391a 


5761-0 




4 


17363a 


6006 




4 


16646a 


57430 




4 


17407a 
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LANTHAKUX — eonlinued. 



Spark Spectrum 


Intensity 

and 
Character 


1 

Osc. 
Freq. 

1 


Spark Spectrum 


Intensity 

and 
Character 


Osc. 
Freq. 


Thalen 
a 


Kirchhoff 
6 


ThaWn 
a 


Kirchhoff 
6 


67400 




4 


17416a 


6113-5 


5113-8 La. Di. 


6 


19650a 


57340 




2 


17435a 1 


5096-5 




4 


19616a 


5718-5 




2 


17451a 


5066-6 




In 


19732a 


5702-6 




1 


17631a 


6061-5 




In 


19751a 


56730 




6 


17622a 


5056-6 




2 


19775a 


5656-6 




4 


17673a 


6049-8 




2 


19797a 


5646-5 




2 


17705a 


4998-5 


4999-8 La. Di. 


6 


20000a 


t5631-0 




6 


17747a 


4990-5 


4994-2 Iia. Di. 


2 


20032a 


56020 




1 


17845a 


4985-5 




2 


20052a 


5699-0 




1 


178ooa 


49690 


4969-6 La. Di. 


4 


20119a 


65870 




6 


17893a 


4961-5 




2 


20190a 


5567-5 




4 


17956a 


49490 




4 


20200a 


5564-5 




4 


17966a 


4945-0 




1 


20216a 


5549-5 




4 


18014a 


4934-0 


4933-9 La. Di. 


4 


20261a 


55340 




3 


18065a 


4920-8 


4921-5 Ta. Di. 


10 


20316a 


5516-0 




6 


18124a 


4920-0 


4920-7 La. Di. 


10 


20319a 


5513-6 




I 


18132a 


4899-0 


4899-1 La. Di. 


10 


20406a 


5505-0 




2 


18160a 


48780 




1 


20494a 


66020 


6501-9 La. Di. 


2 


18170a 


4860-0 


4860-2 La. Di. 


8 


20570a 


5500-5 


6600-6 Ta. Di. 


8 


18175a 


4849-0 




6 


20616a 


5493-0 




1 


18200a 


4842-0 




2 


20647a 


54910 




1 


18206a 


4838-5 




2 


20661a 


6482-0 


6484-1 la. Di. 


1 


18236a 


4823-5 


4822-7 La. Di. 


10 


20725a 


5479-5 




1 


18246a 


4808-0 


4809-6 


8 


20792a 


6475-0 




1 


18259a 


48030 




8' 


20814a 


5463-5 




1 


18298a 


4799-5 




1 


20829a 


5458-0 




1 


18316a 


4796-0 




1 


20846a 


5454-5 


6452-6 La. Di. 


8 


18328a 


4759-6 




1 


21004a 


5381-0 


[5380-6 { 


8 


18578a 


4767-0 




1 


21015a 


5380-3 


8 


18581a 


4747-6 


4746-5 La. Di. 


8 


21057a 


6375-5 


5376-1 


8 


18697a 


4741-5 


4741-0 La. Di. 


8 


21084a 


6339-6 


5340-1 


8 


18723a 


4738-5 


4740-0 La. Di. 


8 


21097a 


5302-6 




8 


18726a 


4727-5 




6 


21147a 


5301-8 
5301-0 


} 5301-3 La. Di. 


S 
8 


18866a 
18859a 


4719-0 
4716-0 




6 
2 


21188a 
21198a 


6279-5 




2 


18935a 


l||§4716-0 




4 


21203a 


§5276-0 




2 


18948a 


4702-0 




8 


21261a 


5270-6 




4 


18968a 


4699-0 




2 


21275a 


6259-0 




2 


19009a 


4691-6 




8 


21309a 


5252-6 




4 


19033a 


46900 




2 


21316a 


52340 




4 


19100a 


46870 




2 


21329a 


6226-0 




1 


19133a 


4670-5 




8 


21405a 


5211-0 




4 


19186a 


46680 


• 


8 


21416a 


§5203-5 


5203-6 


4 


19212a 


4662-5 




8 


21441a 


V 


6191-8 La. Di. 




19255& 


4661-0 




8 


21448a 




5190-7 La. Di. 




19260& 


4654-5 




10 


21478a 


6187-6 


6188-0 


8 


19272a 


4619-0 




8 


2164.3a 


5182-5 


6182-5 


10 


19290a 


4612-5 




8 


21674a 


5175-5 




6 


19316a 


46050 




6 


21709a 


6166-5 




In 


19350a 


4579 6 




8 


21830a 


5162-6 






19365a 


45735 




8 


21858a, 


6158-6 






19380a 


4569-6 




6 


21878a 


5167-0 






19385a 


4567-5 




6 


21887a 


6156-0 






19389a 


4557-5 




10 


21935a 


61440 




2 


19434a 


4548-6 




2 


21979a 


51220 


5122-2 La. Di. 


6 


19ol8a 


: 4541-5 




1 


22012a 
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Lanthanuic— (Mm^nutfti. 



Spark Spectrum 


Intensity 

and 
Character 


Osc. 
Freq. 


Spark Spectrum 


Intensity 

and 
Character 


Osc. 
Freq. 


Thal^n 


Kirchhoff 


Thal^n 


Kirchhoff 


4525-5 




8 


22091 


4216-5 




8 


23709 


45240 




6 


22098 


4202-6 




2 


23788 


45220 




10 


22108 


4196-0 




10 


23825 


4499-5 




2 


22218 


4191-5 




6 


23848 


§4455-5 




4 


22438 


41840 




2 


23893 


44520 




2 


22455 


4151-5 




10 


24081 


44300 




10 


22567 


41420 




6 


24136 


44270 




6 


22582 


41210 




10 


24259 


43«4-5 




6 


22801 


4098-5 




4 


24392 


4382-5 




8 


22811 


40860 


, 


10 


24467 


43770 


• 


4 


22840 


4076-6 




10 


24624 


43630 




4 


22913 


4048-0 




4 


24696 


4354-0 
43300 




8 
10 


22961 
23088 


4042 




fi 


24m^ 




40310 


Lockyer^ 


7 


ATT 1 nil 

24800 


43220 


- 


6 


23130 




39960 




25024 


4295-0 




10 


23276 




3988-0 




26068 


42860 




10 


23325 


3987-0 




4 


25074 


4280-0 




4 


23357 




3948-1 




25321 


4274-5 




4 


23387 


3946-6 




6 


25331 


4268-0 




10 


23423 




3928-3 




26448 


42630 




8 


23451 




3926-6 




25460 


4248-5 




4 


23631 




3920-5 




26499 


42380 




10 


23589 




3916-5 




26532 


4235-0 




6 


23606 











* Possibly due to Chlorine. f Double. 

y Occurs in Boscoe and Schuster's Terbium Si)ectrum. 



$ See Didymium. 
^ Arc Spectrum. 
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Lead. 

KirohhofE, « Berl. Akad; 1861. 

Haggins, • Phil. Trans.' 1864, p. 139. 

Brassak Abh. Naturf. Ges. Halle, ix. (1864). 

Thal6n, *Nova Acta Soc. Upsal.' (III.) vi. 1868. 

Leooq de Boisbaudran, * Spectres Lumineux,* 1874. 

Lookyer, * Phil. Trans.' clxiii. pp. 263. 369, 1873. 

Liveing and Dewar, * Proc. Roy. Soc' xxix. p. 402, 1879 ; • Phil. Trans. 

olxxiv. p. 187, 1882. 
Hartley and Adeney, * Phil. Trans.' clxxv. p. 63, 1883. 



I. Spark Spectrum 



II. 
Arc Spectrnm 



Huggina 
a 



6790 
6655 



6034 

♦6997 
5896 
6876 
5853 
6823 
6776 
♦6608 
♦6548 

♦5372 
6274 

♦6199 
6190 
5168 

♦6044 



4763 



♦4386 
4271 



4066 



ThaMn 
b 



t6666-3W 

• •6452-3W 

• •6049-2<'> 

• •6040-2») 
■'6009-2W 

• •6001-7(O 
• '68951(4) 

• •6874-l(*) 
■ '6856-6W 



• •5779-l^> 

• •5607-l(8) 
•6546-lW 

■6523-6W 

■ •5372-6(8) 

■ •5274-6'«) 
"6206-7(t) 

■5201-2(t) 

• ■5189-2(«) 
• '5163-2(3) 
••50451(» 

t*5004-6(») 
t48021(i) 
t4796-6(i) 
t4760-l(i) 
145731 
t4401-5(i) 

t4386-6(4) 

t^42460(*) 

t^4167-5(« 

t4062-5 8) 

t*4058-0(8) 



Kirchhoff 
c 



6655-8 
6453-7 

6042*6 

6000-3 



6644-8 
5373-4 



5043*4 



Hartley 
and Adeney 
4399-4 
4386-4^^ 
4271-4 
4245-3 
4180-9 

r4061-6 

\ 4057-6 

4020-5 

3961-6 

3951-7 

/ 39340 

\ 3927-5 

3910-4 



Liveing 
and Dewar 



Intensity and 
Character 



(4062-5) 

(4058-5) 

40190 



I. 



3s 
lOsc 

68C 

2sd 
6nc 
2nd 
6nc 
2nd 
6nc 
4nc 
n 
2nd 

lOnc 
8nc 
4sd 

lOnc 
2sd 
2sd 
6sc 
28d 
48d 
8nc 
6sd 
2nd 
2nd 
4nd 
^nd 
2nd 
2sd 
9nd 
3sd 
9b'd 
2sd 
6so 
6sc 
3sd 
7sc 
2sd 
2sd 
3sd 
2sd 
2sd 



II. 



t 

r 



Osc. Freq. 



14723a 
15019^ 
15028» 
16526ft 
16551ft 
16636ft 
16657ft 
16958ft 
17019ft 
17070ft 
17168a 
17299ft 
17829ft 
18026ft 
18099ft 
18607ft 
1 18963ft 
19201ft 
19221ft 
19265ft 
19362ft 
19815ft 
19976ft 
20818ft 
20842ft 
21002ft 
21855ft 
22713ft 
22724<7 
22790ft<; 
23404<; 
23546ft<; 
239190 
23988ft 
24611ft<; 
24637ft<; 
24865<; 
25242^ 
25298^; 
25412^ 
26454<; 
25565(; 
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JjBAD — eowtinued. 



I. Spark Spectmm 


II. Arc 
Spectrum 


Intensity and Character 


OscFreq. 














Hnegins 


Thal^n 


Hartley 


Liveing 






* 


— — -~oo— — » 




aad Adenej 


and Dewar 


I. 


II. 


■ 




b 


c 


d 












r3853-2 




36d 




259440 






1 3842-9 




78d 




260140 






1 3832-5 




78d 




260840 






L3827-6 


8801-0 


78d 
38d 




261190 
26301^ 






3785-9 




78d 




264060 






3738-9 


3739-3 


780 




267370rf 






3734-3 




28d 




267710 






3717-0 




3nd 




.268940 






37090 




2nd 




269530 






3688-8 




38d 




271010 






3682-9 


3683-3 


780 


8r 


271430<; 






36710 


3670-7 


780 




27233od 






3666-1 




7sd 




273430 






3639-2 


3639-3 


780 


8r 


27i70ed 






/ 3591-9 
\ 3590-6 




6sd 




278320 








6sd 




278430 






3572-6 


3572-0 


780 




279850<; 






/ 3563-9 
\ 3562-2 




3sd 




280500 








38d 




280640 






3484-3 




38d 




286910 






3455-9 




3nd 




289270 




* 


3308-9 




2sd 




302120 






3296-8 




3sd 




303220 






/ 3278-6 
\ 3276-9 




68d 




304920 








5sd 




305070 








3260-0 






30665^ 






3242-4 


3238-6 


68d 




308320 
30868^ 






3219-9 


3219-6 


3no 




310490^ 






31760 




9nd 




314760 






3137-3 


3113-5 


7nd 




318640 
32056^ 






/ 3088-5 
\ 3086-7 




3sd 




323690 








3sd 




323880 






30511 




3sd 




327650 






3043-3 




7nd 




328490 






3030-2 




28d 




329910 






3016-5 


2981-0 


3nd 


1 


330320 
33536<2 






2978-8 


2973-5 
29670 


2sd 


1 
I 


335600 
33620<2 
33694/i 






2949-2 




3nd 




338970 






2872-2 


2872-0 


780 




348070(2 






2867-8 




2sd 




348590 






2863-2 « 


2850-5 


7sd 




349150 
S&07\d 






2832*2 


2832-9 


780 


lOn 


352dicd 






2822-1 


2822-6 


780 


r 


35421 0<2 






2801-4 


2801-1 
27210 


lOnc 


r 


356870^ 
367iOd 






2716-3 


27061 


3sd 




368040 
369ild 
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lxA.J>—eontimied. 



I. Spark Spectrum 


II. Arc 
Spectrum 


Intensity and Character 


^^ ^pH 














Osc. Freq. 


Huggizis 


Thal^n 


Hartley 
and Adeoey 


Liveing 
and Dewar 


I. 


11. 


A 


a 


b 


c 


d 












2697-2 


2697-0 


38d 


b 


SlOUcd 






26626 


2662-7 


7sc 




37545c<? 






2650-0 


2650-5 


5nd 


n 


37720cd 






2637-5 




2sd 




37901c 






2627 4 


2627-8 


2sd 




SSOUod 






2613-4 


2613-7 


lOnc 


8r 


38249c<f 






2676-4 


2576-7 


78C 


n 


38805c€? 






2667-2 




3sd 




38941c 






2661-6 




7nd 




39028c 






/ 2539-9 \ 
\ 2623-4/ 




2b 




r 39359c 
\39617c 






24960 


2476-6 


2nd 


8r 


40051c 
40365^ 






2476-7 




780 




40380c 






2462-8 




2nd 




40591c 






/ 112446-7 
\ 2443-6 


24461 


3sd 


8r 


iOSlled 






2443-7 


3sc 


8r 


40909c<i 






/ 2432-3 




28d 




41100c 


1 




\ 2427-8 


2428-5 


28d 


8r 


^mOcd 






§2411-2 


2411-5 


2sd 


8r 


41457ci2 






2402-1 


2401-8 


3sd 


8r 


4l6l9c(2 








2399-4 




8r 


41663^ 






2393-7 


2393-7 


78C 


lOr 


41762c<f 






2390-8 




28d 




41813c 






23890 


2388-8 


2sd 


\ 


41 Si^cd 






2333-3 


23320 


28d 




42845c 
42869^ 






2297-7 




2sd 




43510c 






112247-9 




78C 




44472c 






2238-2 




2sc 




44665c 






2204-3 




7nc 




45351c 






21700 




Ssd 




46068c 



Becquerel has observed the following infra-red lines in the Arc Spectrum of Lead 
10598, 10870, and 11330 (strong) ; 12210 and 12290 (weak). 

* Observed also by Leooq de Boisbandran in the Spark Specfcmin between metallic poles, 
t Observed also by Lockyer : the * indices ' denote the ' lengths ' of these lines. 
i See Tellnrinm. | See Silver. *• 4387*3 Eirchhoff. 



99 



Lithium. 

KirchhofE, ' Abh. Berl. Akad.* 1861. 
Huggins, * Phil. Trans.' 1864, p. 139. 
Muller, * Pogg. Ano.' cxvili. p. 641. 
Mascart, * Annales de I'ficole Normale.* iv. 1866. 
Ketteler, * Pogg. Ann.* civ. p. 390. 
Biihlmann, ' Pogg. Ann.* czxxii. p. 1. 

Fizean, * Pogg. Ann.* cxix. p. 87 ; * Ann. de. Chim. et de ^ys. (3) Ixvi. p. 429. 
Tyndall, * PhU. Mag.* (4) xxii. pp. 161, 473. 
Crookes, *Phil. Mag.' (4) xxi. p. 79. 
Frankland, « Phil. Mag.* (4) xxii. p. 472 

Boscoe and Clifton, *Proc. Lit. Phil. Soc' Manchester ii. p. 227. 
Wolf and Diacon, * Compt. Rend.* Iv. p. 334. 
Thal6n, • Nova Acta Soc. Upsal.' (Ill ) vi. 1868. 
Lecoq de Boisbaadran, ' Spectres Lnmineux,* 1874. 
liveing and Dewar, * Proo. Roy. Soc.* xxviii. pp. 367, 471, 1879 ; 
• Phil. Trans.' clxxiv. p. 215, 1883. 



p. 93, 1880 ; 



I. Spark Spectmm 


II. Arc Spectnun 


Intensity and 
Character 


Osc. 
Freq. 


Huggins 
a 


Thalia 
b 


Kirchhoff 
c 


ThaMn 
d 


Mascart 

e 


Liveing 
and Dewar 

/ 


I. 


IL 


t*6705 

+♦6098 

t4972 

t4602 


6706-6 

6102-2 

t4971-7 

4602-8 


6704-4 
6102-1 


6706-7 
6102-2 
4971-2 
4602-2 
4273-3 


6706-711 
6101-5 

4602-0 


(6705-5) 

(6102-2) 

(4971-7) 

§4603-0 

42730 

t413l-7 

3984-5 

3913-6 

3862-3 

37990 

32320 

2741-0 

2561-5 

2475-0 

2425-5 

2394-5 

2373-5 

2359-0 


lOsc 
6so 

48C 

lOnc 


lOr 

lOr 

6r 

8nr 
8 
nr 

r 
nr 

r 
r 
r 
r 
n 
n 
n 


UdOlbd 

163836 

20109bd 

2n20bd/ 

23395<«/ 

24196/ 

25090/ 

26645/ 

25883/ 

26315/ 

30931/ 

36471/ 

39028/ 

40391/ 

41216/ 

41748/ 

42148/ 

42376/ 



* Obaeryed also by Leooq de Boisbaudran in the Flame Speptram of Lithium Salts. 

t Observed also by Lecoq de Boisbaudran in the Spark Spectmm of Lithium Ghlerlde solution. 

X See Caesium. Observed also in the Lithium Arc Spectrum by Lockyer. 

§ Double. I 6706-3 Ketteler ; 6763-0 MttUer ; 6708 Btthlmann ; 6703 Fizean. 



u2 
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100 



Magnesium. 

Kirchhoff, « Abh. BerL Akad.' 1861. 

Thal6n, * Nova Acta Soc. Upsal.' vi. 1868. 

Lecoq de Boisbaudran, * Spectres Luminenx,' Paris, 1874. 

Cornu, * Spectre Normale du Soleil,* Paris, 1881 ; * Joum. de Phys.' x. 426 ; 

* Archives des Sciences Geneve,' July 15, 1879. 
Bansen, * Pogg. Ann.' civ. p. 366 ; * Phil. Mag.' (4) 1. p. 527. 
Fievez, * Bull, de 1' Academic roy. de Belgique,' 2me. s6r. 1. p. 91, 1880. 
Liveing and Dewar, * Proc. Roy. Soc' xxviii. p. 367 ; xxx. p. 93 ; xxxii. p. 189 ; 

*Phil. Trans.' clxxiv. p. 208, 1883. 
Hartley and Adeney, * PhU. Trans.' clxxv. p. 95, 1884. 
Becquerel * Compt. Rend.' xcvi. p. 1218 ; xcvii. p. 72. 



I. Flame 
Spectrum 


II. 


Spark Spectrum 


HI. Arc 
Spectrum 


Intensity and Character 


Oac. Freq. 


Liveing 


Kirchhoff 


Thal^n 


Liveing 


Liveing 








and Dewar 




A uckxvaA 


and Dewar 


and Dewar 


I. 


IL 


IIL 




a 


b 


c 


d 


e 
















6710-7 


6710-7 




88C 


8sc 


17506d 






§*6627-4(s) 


(5627-4) 


t(6527-4) 




8sc 


680 


18086c 


(5183) 


b, 5183-0 


§♦61831(4) 


61831 




:6183 


lOsc 


lOscr 


lOscr 


ld2SSbod 


(5172) 


bj 5172-0 


§*6172-1W 


6172-2 




:5172 


9sc 


9scr 


9scr 


19329^0^ 


(5167) 


b^ 6166-9 


§♦5166-9(4) 


6166-6 




:6167 


Isc 


88cr 


8scr 


IdUdbcd 


Bands of 


















Oxide 






4808 






28C 




20793^ 






§^4703-6(«) 


4703-5 


4703-5 


• 


8nc 


8sc 


2l26ied 






4586-6 


(4586-6) 






4nc 




217960 


4670-5 






4570-6 


4570-6 


lOsc 


2sc 


lOscr 


21873ii 




4480-9 


§♦14481-0 


(4481) 


4351-2 




8nd 

48 


8sc 


22SQ6bo 
22975d 


Hartley 


Comu 




and Adeney 






4166-0 




4s 


8sc 


239970 








4057-3 


40673 




48 


4sc 


24640<; 




38960 1 
38920/ 




38960 






4sd 




2&6QBbd 






3893-0 






4sd 




256SUd 


3865 










4b 






26865a 


3860 










4b 






26899a 


3858 • 










4b 






26912a 


3855 


3855-5 \ 
3849-6/ 




3852 




4b 


4sd 




26929ft 


3848 




3847 




4b 


48d 




25969» 


3845 \ 
3841/ 










4b 






26000a 










4b 






26027a 


(3838) 


3837-9 1 


3837-6 1 
3831-6 Y 
38290 J 


(3837-6) ^ 


; (3837-6)1 
(3831-6) ' 
(3829-0) J 


10s 


lOscr 


lOscr 


26(HSbe 


(3831) 


3832-1 } 


(3831-5) I 


10s 


lOscr 


lOscr 


2eOS9bc 


(3829) 


3829-2 J 


(3829-0) J 


10s 


lOscr 


8scr 


26108ft<; 


3824 










4b 






26142a 


3815 










4b 






26206a 


3810 










4h 






26239a 


3806 










4b 






26267a 


3799 










4b 






26315a 


3790 










4b 






26378a 


3782 












4b 






26432a 



• Observed, together with the Bands of the Oxide, by Lecoq de Boisbandran in the Spark Spectrum of 
solution of Magnesium Chloride. f 4480*1, Hartley and Adenev. 

; 6627-6, 6183-0, 6172-0, 5166-7, Pievez. * J i- 

$ Observed also by Lockyer in the Spectrum of the Spark between metallio poles ; the * indices* attached 
to these numbers denote the comparative ' lengths ' of the lines. 

b« See Iron ; the Fraunhof er line b« is double. 
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ItAOBiisnTil — etmtitiiied. 



I. Flame 
Spectram 


II. 


Spark Spectrum 


III. Arc 
Spectram 


Intenflitj and Character 


Osc. Freq. 


Liveing 


Hartley 


flornn 


Liveing 


Liveing 








and Dewar 


and Adeney 


\J\JXIX\A 


and Dewar 


and Dewar 


I. 


II. 


III. 




a 


ft 


C 


d 


e 










3777 










4b 






26468a 


3772 










4b 






26503« 


3765 


3765-2 








4b 


2nd 




26551ft 


3756 










4b 






26616^^ 


3750 










4b 






26669a 


3730-^ 
3724 I 
3720 J 










lOn 




* 


26802a 










lOn 






26846a 










lOn 






26874a 




3336-21 


3334-21 


(3334-2)1 


(3334-2)1 
(3330-0) \ 
(3327-0) 1 




6sc 


8sc 


29974ft<T 




3331-8 J. 


3330-0 \ 


(3330-0) \ 




6sc 


8sc 


30013ftc 




3329-1 J 


3327-oJ 


(3327-0) J 




6sc 


780 


30039ft<? 






3278-4 




? 




5sc 


? 


304940 




3139-3 \ 
3134-2/ 




, 






28d 




31844ft 












2sd 




31896ft 




3107-0 










4nd 




32176ft 




3096-2^ 


3096-61 


(3095-6) 1 


(3095-6)1 




lOsc 


lOscr 


32291ftc 




3091-9 } 


3091-9 S 


(3091-9) \ 


(3091 -9) \ 




8sc 


lOscr 


32333ft(; 




3089-9 J 


3090-0 j 


(30900) J 


(30900) J 




8sc 


8scr 


32363ft(7 




3071-6 










6sd 




32646ft 




3046-0 










2sd 




32820ft 




2941-6 




2940-3 


2942 




2sd 
2sd 


6sc 


33985ft 
34000(j 




- 






2938-6 
2937-5 






6so 
6sc 


34021P 
34032^ 




2935-8 \ 
2928-1/ 


2934-9 \ 
2926-7/ 


(2934-9) 


(2934-9) 




lOnc 


Isc 


34058ft<7 




(2926-7) 


(2926-7^ 




lOnc 


Isc 


34160ft/> 




2913-8 




2913-2 


2913-2 




8sd 


Isc 


34313ft^ 




2884-3 










3nd 




34660ft 


(2850-3) 


2861-21 
2847-9 } 
2845-9 J 
2815-3 1 
2810-0/ 


2850-3 


2851-8 


2851-8 


lOscr 


lOncr 
Isc 
Isc 
2nd 


lOncr 


36O63ft0^ 
36102ft 
36127& 
36509ft 












2nd 




36676ft 




2801-6^1 


2801-3 1 


2802-4 1 


2802-4 




lOscr 


lOso r 


36680ftc^ 




2796-9 1 


(2797-1) 1 


(2797-1) 1 






98C 




36742ft 




27941 f 


2794-5 f 


2795-2 ( 


2795-2 




lOscr 


lOscr 


35772ftc^ 




2789-6 J 


2789-9 J 


(2789-9)J 






9sc 




36834ft(! 




2781-8 ^ 




2782-2 1 
2780-7 
2779-4 \ 
2778-2 
2776-9 J 


2782-21 




6sc 


5scr 
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Maonbsium — eontinued. 



I. Flame 
Spectrum 


II. Spark Spectrum 


III. Arc 
Spectrum 


Intensity and Character 


Osc. Freq. 


Liveing 

and Dewar 

a 


Hartley 

and Adeney 

ft 


Gomu 

e 


Liveing 

and Dewar 

d 


Liveing 
and Dewar 

e 


I. 


II. 


IlL 




2658-4 






2649 \ 
2646 / 
2633 \ 
2630 / 
2605 




4nd 


4sc 
4sc 
3nc 
3nc 
2nc 


37605ft 
37739c 
37781c 
379686 
38)llc 
38376c 



Becqnerel has observed the following infra-red lines in the Arc Spectrom of Mag- 
nesioin : 8990> 10470 ?, 12000 (probably doable) and 12120— the last three presenting the 
aspect of the group b. 



Mahoakvae. 

Hoggins, « PhiL Trans.' 1864, p. 139. 

Thal6n, «Nova Acta Soc. Upisal/ (III.) vi. 1868. 

Angstrom, ' Recherches sur le Spectre Solaire, Upsal,* 1868. 

Lecoq de Boisbaudran, * Spectres Lumineux,* Paris, 1874. 

Lockyer, • Phil. Trans.' clxiii. p. 270, 1873. 

Liveing and Dewar, • Proc. Roy. Soc.' xxix. p. 402, 1879. 

Comu, * Spectre Normale du Soleil/ Paris,* 1881 ; * Joum. de I'fecole 

Polytechnique,' liii. 1883. 
Thal6n, ♦ Le Spectre du Fer,' 1885. 
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. Arc Spectrum 
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6020-7 


6020-7 
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10 


16604ftc^ 


*6014 


••6015-8(<> 


6015-8 


6015-5 


6015-5 


lOsc 


10 


16619ftc^ 


6012 


•6012-7(<) 


6012-6 
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6012-5 


lOsc 


10 


16627bcde 


5556 










Is 




17993^ 


*5513 


t5615-7W 








2sd 




18125ft 


*5467 
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18286« 


5432 
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♦5419 








6sc 
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4sd 
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*' 
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Is 
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18720ft 
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♦5254 


t5254-2W 


6264-2 
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4sd 


4 
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♦+5233-8(4) 
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^5195-4(4) 
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tlASQASzasi— continued. 



I. spark Spectram 


II 


• Arc Spectnun 


Intensity 
and Character 


Osc. Freq. 






o 










Huggins 


Thaldn 


Angstrdm 


Thal^n 


Coma 
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II. 
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b 


c 


d 
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*4824 


t4822-9W 


4822-5 


4822-7 




lOso 
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20729bo 


♦4785 


t4782-7W 


4782-6 


4782-6 




lOsc 
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20903^0 


♦4766 


/t4765-9W 
\t4764-8(4) 


4765-9 


4765-5 




2sc 


6 


20d7ebod 


4764-8 
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6 


209Slbcd 
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4761-4 


4761-3 




lOsc 


8 
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4760-8 
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♦4754 
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4753-3 
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21031&a 
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2109dbod 
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47291 






6sd 




2n3dbc 




+4726-1 


4726-1 


4726-8 




68d 


10 


2ll52bcd 
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-f4708-8W 


4708-8 


47091 
4700-3 
4670-7 
4625-6 
4606-6 
4604-8 
4548-1 
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6 
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8 

8 


2l2^0bcd 

21269^ 

21404^ 

2l612d 

21701d 

217 lOd 

21981<? 


♦4503 


t4503-6(3) 


4503-3 


4503-0 




2sd 


2 


22l99bod 




-f4501-3C3) 


4501-1 


4501-5 




8sd 


10 


2220dbcd 


4499 


t4498-3(8) 
t4495-3W 


4498-2 


4498-2 




8sc 
2sd 


10 


2222hbed 
22239& 


4490 


t4491-l(S) 


44910 






2sd 




22260ft(? 




t4489-6(3> 


4489-4 


4489-4 




6sc 


10 


22268ftc^ 




t4479-OW 


4479-0 






2sd 




22320J<J 


4477 


t4472-6« 


4472-2 


4472-3 




8sc 


10 


22'^hUcd 




t4470-6<» 


4470-5 


4469 4 




8sc 


10 


22B6ibcd 


♦4464 


t4464-l(« 


44940 


44642 




6so 


10 


22^94:bod 


4461 


t4461-6(3) 


4461-4 


4461-4 




68C 


10 


22407 JM 




t4461-l(3) 


44610 


4460-6 




6sc 


6 


224LlObed 




14459-9^3) 


4460-0 


4459-7 




2sd 


2 


224^15bcd 


4457 


t4457-8C3) 
t4457-4(3) 


4457-4 . 


4457-6 




6sd 
48d 


10 


22i27bod 
22428ft 




t4457-l(3) 


4456-8 


4456-8 




28d 
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22431 ftc<? 




t4456-3(3) 




4456-6 




4sd 
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22i3Sbo 
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4455-3 
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22i3Sbod 


4455-1 


4454-7 
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/ 4454-4 
) 4454-2 
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22U3cd 
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t4452-l 


44521 


4452-4 
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22iUbcd 


4449 


t4450-5(3) 


4450-6 


4451-1 
4446-6 




6sc 
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22i62bcd 
22483^ 


♦4436 


t4436-5(3) 


4436-4 






6sc 




22534ftc 
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4436-5 


4435-6 
4419-2 
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4 


226^dbcd 
22622d 


♦4415 


t4414-8(3) 


4414-8 


114414-2 
4411-3 
4410-0 
4407 6 
4382-3 
4381-5 
4378-8 
4374-5 
4373-8 




88C 
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2 
4 
2 
6 
2 
6 
2 


2264:bbcd 

22662^ 

22669^ 

22682<? 

22812^ 

22816^ 

22831rf 

22853^ 

22867<^ 








4368-4 






2 


22885<2 
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Manganesb — eontinued. 



I. Spark Spectrum 


II 


. AroSpectium 


Intensity 
and Character 


Osc. Freq. 
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Huggins 


Thalen 


AngstrOm 


Thalen 
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II. 
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4369-3 
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22933<l 








4338-6 
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23043<2 








4337-8 






2 


23046^2 








43370 
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6 


23061^/ 








4386-4 






4 


23059^ 








4326-3 






10 


281l3rf 








4322-7 
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23127<f 








4320-6 
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23] 38<2 








4314-3 
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4300-6 
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2S2i6d 








4300-1 
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23248^ 








4299-6 






2n 


23251^ 








4283-9 
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23336<; 


♦4281 


t4280-6W 


4280-4 


4280-7 
4271-6 




6sc 
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2S355bcd 
28403^ 


♦4267 


t42660W 


4264-9 


4266-7 
4261-0 




6sc 
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4 


23440&c^ 
23462^ 


♦4269 


t4268-2C» 


42681 


/ 4260-3 
\ 4267-4 




6sc 
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23^76bcd 


♦4237 


t4234-8(») 


4234*6 
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236(yrbod 




t4227-0W 


42270 


4220-5 




lOsc 


4 


2S650bo 
23687^ 




♦t4083-6(« 


4083-3 






68C 




24482»0 
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4082-7 






2sc 




24486^ 
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6sc 




24604fto 
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6sc 
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♦t4048-2« 
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4048-7 
4040-6 


dfic. 




24694»e0 
24741 »<^ 




Liveing 


\fO\j 

68C 






t4034-0(8) 


4034-9 


and Dewar 


4034-9 


2sd 
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4033-8 


28d 
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4032-7 


6sc 
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t4029-6W 


4029-4 


(4029-6) 


4029-9 


6sc 
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Lockyer 








3991-7 








26044^ 








3989-2 








26060^ 
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t3988-2W 


8988-0 
3986-3 
3986-0 
3984-6 


3976-2 
3974-8 
3963-4 

3961-9 
3960-9 
3942-2 
3928-8 
3926-7 
8923-4 
3922-6 
3921-8 
3920-8 


3962-0 


2sd 
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26142^ 

26161<; 

26287^ 
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26480^ 

26486<; 
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MxsQASEBR—eonHnfied, 



I. Spark Spectmm 


II. Arc Spectram 


Intensitj 
and Character 


Oac. Freq. 


Hugging 
a 


Thal^n 
b 


AngstrOm 
c 


Lockyer 
d 


Coma 

e 


I. 


II. 








3917-6 
3910-7 
3910.4 


3881-8 
38240 
3806-4 






255l9d 
25663<f 
26564<2 
26753<i 
26142^ 
26264^ 



* Observed, together with the BaadB of Manganese Oxide, bj Lecoq de BoiBbandran in the Spark Spectrum 
of Manganese Chloride solution. 

t Obserred also byLockyer ; the 'indices' attached to these numbers denote the comparatiye 'lengths' of 
the lines. X 'Gould not be identified,' Lockyer. $ Observed also by liveing and Dewar. 

I More refrangible than the iron line. 



Meecuey. 

Kirchhoff, « Abh. Berl. Akad.' 1861. 

Hug^s, * Phil. Trans.' 1864, p. 139. 

Gladstone, * Phil. Mag.' xx. p. 249. 

Pliioker, * Pogg. Ann.' cvii. p. 497. 

Thal6n, 'Nova Acta Soc. Upsal.' (m.) vi. 1868. 

Lecoq de Boisbaudran, ' Spectres Lumineux,' Paris, 1874. 

Liveing and Dewar, 'Phil. Trans.' clxxiv. p. 218, 1883. 

Hartley and Adeney, * Phil. Trans.' clxxv. p. 136, 1884. 

Pearce, *Wied. Ann.' vi. p. 697. 

Vogel, * Berlin. Monatsb,' 1879, p. 586. 



Spark Spectmm 
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Osc. Freq. 
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Kirchhoflf 
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a 
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6383 








1 
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6151-2 
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16421a 
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6888-1 






8nc 


169796 


6871 


5871-1 






4sd 


17028J 


6817 
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17186a 


6800 
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17236a 


6788 


♦5789-6 


5790-3 




lOnc 


17266*<? 


5768 


*5768-l 


6768-1 




lOno 


17SS2bc 


6678 


♦5678-1 
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8nc 


17606bo 


6694 


♦6595-1 






6nd 


17867* 


6460 


♦6460-6 


6459-8 




lOno 


18309*c 


6425 


6426-1 


5425-8 




8nc 


lSi25bo 


6364 


6364-6 






4nd 


18635ft 


6281 


6278-6 






2nd 


18940ft 


6218 


6217-2 






2nd 


19162ft 




5206-2 






4nd 


19202ft 


6132 


6131-2 






4nd 


19483ft 


4969 


4958-1 






6nd 


20163ft 


4918 


♦4916-1 






4nd 


20335ft 
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Hbboubt — eoatinued. 



Spark Spectrum 


Intensity 
and Character 


Osc. Freq. 


Huggins 


Thal^n 


Kirchhoff 


Hartley 
aod Adeney 


a 


b 


c 


d 
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20718J 


4357 


♦43681 


4350-6 
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22MSbd 








43480 


2sc 


22992^ 








4341-0 


2sc 


23033^ 








4077-6 


3nc 


2ibl5bd 
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/ 4046-6 
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lOnc 


24t70Sbd 


4056 


♦40470 
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38690 


3nc 
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3820-0 
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26170<^ 








/ 38070 
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37900 


8sc 


26385^2 








/ 37700 
\ 3754 7 


3sc 


26B17d 








2sc 


26626<f 




• 




37510 


8sc 


26652/2 






. 


3681-9 


3I1C 


2715^/2 








r 3662-9 


6nc 


27293^ 








< 3664-4 


6nc 


27366^ 








36329 


7nc 


27518/2 






" 


f 3560-1 
\ 3542-3 


8sc 


28080/2 








8sc 


28221/2 








3492-6 


Isd 


28623/2 








3473-4 


Isd 


28781/2 








3451-4 


Isd 


28965/2 








3389-6 


8no * 


29494/2 








3365-5 


2sd 


29704/2 








3351-2 


3no 


29831/2 








3341-2 


8sc 


29920/2 








3326-4 


2sc 


30054/2 








3207-1 


3sc 


31171/2 








r 3130-4 
\ 3124-5 


lOnc 


31935/2 








lOnc 


31996/2 








t3094-0 


2sc 


32310/2 








3021-0 


8nc 


33092/2 








2966-4 


lOnc 


33701/2 








2946-6 


8sc 


33927/2 








2936-6 


3sd 


34066/2 








2926-2 


3sc 


34176/2 








2916-3 


3sc 


34291/2 








2892-9 


8sc 


34556/2 








2846-8 


lOnc 


36116/2 








2832-1 


2sc 


35298/2 








2819-7 


8no 


35453/2 








2810-0 


2nd 


35676/2 








2804-6 


6sc 


36656/2 








2798-5 


3nc 


35722/2 








27900 


3sc 


35831/2 








2773-2 


2nd 


36048/2 








2760-8 


3sd 


36210/2 








2751'5 


6sc 


36332/2 








2702-0 


2nd 


36999/2 








/ 2657-6 
\ 2652-2 


3nd 


37617/2 








8nc 


37693/2 








2644-6 


2nd 


37801/2 








2640-6 


2nd 


37869/2 
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MbboUBY — continued. 



Spark Spectrum 


Intensity 
and Character 


Osc. 
Freq. 


Spark Spectrum 


Intensity 
and Character 


Osc. 

Freq. 


Hartley 
and Adeney 


Hartley 
and Adeney 


2602-3 

2584-2 

2675-3 

/ 12535-8 

\ 2533-8 

2522-7 

2514-3 

2491-4 

/ 2484-2 

\ 2477-7 

5 2468-0 

I 2467-0 

2463-7 

2459-3 

r2414-3 

\ 2407-3 


6sd 
2sd 
2nd 
lOsc 
8nc 
Ind 
Ind 
8bc 
2nc 
Ind 
2nd 
2nd 
2nd 
Ind 
8sc 
8sc 


38416 
38685 
38818 
39440 
39456 
39629 
39761 
40127 
40243 
40361 
40507 
40523 
40578 
40650 
41408 
4l528 


23900 
2355-2 
2342-2 
2340-0 
2315-2 
2296-6 
2292-6 
f 2264-2 
<^ 2263-3 
L 2261-4 
2254-0 
22310 
2226-7 
2190-9 
2148-0 


Inc 

3nc 

Inc 

Ind 

Ino 

Isc 

Ino 

6sc 

6sc 

8nc 

88C 

Isc 

- 8nc 

Iso 

Isc 


41828 
42448 
42682 
42719 
43180 
43531 
43605 
44152 
44166 
44207 
44362 
44809 
44916 
45629 
46540 



* Observed by Lecoq de Boisbandran in the Spark Spectmm of Kercurio Chloride Bolation, together "with 
the foUowing additional Unes :— 5647, 5620, 5561. 5629, 5498, 5314, 5292, 6269, 5246, 5222. 



t Foesibly due to an imparity. 



liveing and Dewar, 2536*8, in arc reversed. 



Molybdenum. 

Thal6n, * Nova Acta Soc. Upsal.' (III.) vi. 1868. 

Lockyer, * Phil. Trans.' clxxiii. p. 561, 1881 ; * Proc. Roy. Soc.' xxvii. p. 280. 



I. Spark , 


II. Arc 


Intensity 




I. Spark 


II. Arc 


Intensity 




Spectrum 


Spectrum 


and Charact.er 


Osc. 
Freq. 


Spectrum 


Spectrum 


and Character 


Osc. 
Freq. 


















Thal^n 


Lockyer 


I. 


II. 




Thal^ 


Lockyer 


I. 


II. 




6029-2 




lOsc 




16581 


44751 




4sd 


22339 


5887-6 




lOnc 




17891 


4433-6 




4sd 




22548 


5856-6 




8sc 




17062 


4411-6 




4sd 




22661 


6791-1 




6sd 




17263 


4380-5 




4sd 




22822 


67501 




6sd 




17386 


4326-0 




4sd 




23109 


6687-6 




68d 




17577 


4277-5 




6nc 




23371 


6649-1 




4sd 




17697 




3999-8 






24994 


6631-1 




4sd 




17753 




3997-5 






25008 


66691 




lOsc 




17951 




3993-2 






25031 


6540-1 




2sd 




18045 




3992-4 






26039 


5531-6 




lOsc 




18073 




39910 






26049 


5506-1 




lOsc 




18160 




3990-6 






25061 


53601 




4nd 




18651 




3986-5 






25083 


4979-1 




2sd 




20078 




39821 






26106 


4867-6 




4nd 




20538 




3981-5 






25109 


4829-6 




4sd 




20700 




3981-0 






25112 


481 8"1 




4sd 




20749 




3980-6 






26114 


4757-6 




4sd 




21013 




3979-7 






25120 


4730-6 




4sd 




21133 




3979-1 






25124 


4706-6 


4676-0 


4sd 




21240 
21847 




3978-3 
3976-8 






26129 
26138 


4536-1 




4sd 




22039 




3974-8 






25151 
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Molybdenum — eontinued. 



I. Spark 


II. Arc 


Intensity and 




I. Spark 


II. Arc 


Intensity and 


i 


Spectrum 


Spectrum 


Character 


Osc, 
Freq. 


Spectrum 


Spectrum 


Character 

* 


Osc 

Freq. 


















Thal^n 


Lockyer 


I. 


11. 




Tbal^n 


Lockyer 


I. 


II. 






3967-6 






26197 1 




39280 






26460 




3957-6 
3954-2 
3952-9 
3946-0 
3944-2 
3942-5 
3942-2 
39340 






25260 
25282 ' 
25280 
25334 1 
25346 
25357 ' 
26359 
25412 




3922-9 
3921-2 
39170 
3916-7 
3916-0 
3914-8 
3902-4 
3901-3 






26484 
26488 
26522 
26624 
26628 
25636 
26617 
26626 




3929-5 






25414 













Nickel. 

Kirchhoff, ♦ Abh. Berl. Akad.* 1861. 
Thal6n, « Nova Acta Soc. Upsal.' (III.) vi. 1868. 
Angstrom, * Recherches sur le Spectre Solaire,' Upsal. 1868. 
Lockyer, *Phil. Trans.' clxiii. p. 369, 1873 ; clxxiii. p. 661, 1881. 
Lecoq de Boisbaudran, * Spectres Lunaineux,* Paris, 1874, 
Comu, * Spectre Nonnale dn Soleil,' Paris, 1881 ; * Journ. de TEoole 
Poly technique,' liii. 1883. 



I. Spark Spectrum 


II. Arc Spectrum 


Intensity and 
Character 


Osc Freq. 

• 


ThaMn 
a 


Kirchhoflf 
b 


o 
Angstrom 

c 


Comu 
d 


I. 


*t6175-9(3) 

t6116-6W 

*t6107-7») 

t5892-lW 

♦t6856-6(« 
♦t54760(4) 
*t5175-8W 
b,*'f5168-5W 
*t5155-3W 
*t5145-9(») 

t6142-2(«) 
*-f5137-5(«) 
*-f5115-0(*) 
*-f5099-8») 

•f6098-6<8) 
*t5080-7(8) 

+5079-8(3) 
*t5034-7W 
♦t5016-6(» 


6176-6 
6116-7 
6108-2 

6892-2 

6867-3 
6476-8 
6176-2 
61683 
6154-6 
6146-9 
6141-6 
6136-5 
6114-7 
5099-3 
5098-8 
6080-6 
6080-0 
5034-7 
6017-1 


6175-9 
6116-2 
6107-1 

6892-1 

54760 
5176-8 
6168-5 
5155-2 
5145-9 
5141-8 
5136-8 
51150 
6099-3 
5098-4 
6080-7 
5079-6 
6034-8 
5016-7 


6011-2 
6006-3 
5996-8 
6995-7 
6899-8 
16891 -9 
6883-7 


6nc 
48d 
4Bd 

lOsc 
4sd 

68C 

2sd 
2sd 
2sd 
2sd 
2sd 
2sd 
28d 
2sd 
28d 
2sd 
2sd 

68C 

6sc 


leiSSabo 

ieS^7abe 

l6'd6Sabc 

1663U 

16644^ 

16671^ 

16674^ 

16945^ 

16m7abod 

1699]^ 

] 7069ab 

U25&abo 

19Sl5abc 

I93i2abc 

19S9Sabo 

19427a^o 

l9U2abo 

l9i6labo 

195^5abo 

19604a&r 

19607abc 

19677abo 

196Slabo 

19S56abc 

19927abc 



b. See Ii-on ; the Frannhofer lino b, is double. 
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NiCKBL — coniinved. 



I. Spark Spectrum 


II. Arc Spectrum 


Intensity and 
Character 




y 










OscFreq. 


Thal^n 


Kirchhoff 


AngstiOm 


Comu 


I. 


a 


b 


c 


d 




♦t4983-4W 


4982-7 


4983-4 




2sd 


2006laho 


■f4979-7W 


4979-7 


4979-4 




2sd 


20076abo 


*-f4935-2(3) 


49350 


4935-2 




6sc 


20257abc 


*t4917-7(i> 


4917-9 


4917-7 




6sc 


20S29ab(f 


♦t49040®) 


4903-5 


4903-9 




68C 


20SS6abo 


♦t48730(^> 


4872-8 


48730 




lOsc 


20516abc 


*-f4865-4« 


4866-0 


4865-6 




lOsc 


20&4L7abo 


♦+4854-8Ca) 
♦•f4830-3(») 


4856-6 


4854-6 




lOsc 


20592abo 


4830-8 


4830-2 




2sd 


2069Qabe 


t4828-6W 


4828-7 


4828-3 




28d 


2070iabo 


*t4785-9W 


4785-3 


4785-8 




880 


208Slabo 


♦t4755-lW 


4755-3 


4754-9 




2sd 


2102^bo 


*i 


■4713-8W 


4713-6 


4713-8 




lOso 


2120Sabo 


*. 


4647-1® 


4646-7 


46470 




2sd 


2151dabo 


*. 


4401-8(*) 




4401-9 




2sd 


227nabo 




Lockyer 






39T2-7 






25163/7 






3971-2 






25172^7 






3969-2 


36410 
3618-3 
3572-9 
3570-8 
3565-0 
3523-9 
3514-7 
3510-2 




25185<7 
27457<i 
276294 
27980<? 
279964 
280424 
283694 
284434 
284804 


« 


• 




3491-9 
3470-4 
3461-5 
3457-8 
3446-7 
3436-0 
3431-8 
3422-1 
3419-6 
3418-8 




286294 
288064 
288804 
289114 
289294 
290954 
291314 
292134 
292354 
292414 








3413-2 




292894 








3391-4 




294784 








3389-8 




294924 








3378-7 




295884 








3372-9 




296394 








3372-4 




296444 








3370-6 




296604 








3367-8 




296844 








3366-3 




297064 








3364-6 




297134 








3363-9 




297194 








3360-3 




297504 








3359-8 




297554 








3320-8 




301044 








3320*3 




301094 






, 


3313-4 




301714 




; 






3310-0 




302024 
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NiOKEL — continued. 



Arc Spectrum 


Intenrity 
and Character 


Osc Freq. 


Arc Spectram 


Intensity 
and CharttCter 


Osc. Freq. 


Cornu 


ConiQ 


8248-6 
3242-3 
3231-3 
3212-7 
3134-4 
3134-0 
« / 3100-7 
°» 1.3100-6 
3056-3 


f 


30773 
30833 
30938 
31117 
31894 
31898 
32137 
32242 
32710 


3053-3 
3049-6 
3036-7 
3030-3 
3011-2 
30031 
30020 
2992-0 




32742 
32781 
32921 
32990 
33199 
33289 
33301 
33412 



* Observed also by Lecoq de Boiabandran In the Spark Speotram of Nickel Chloride solution, as also the 
followlnor lines :— 6315, 6261, 6827, 6801. 5756, 5716, 5695, 5665, 5641 (doable), 5621, 5609, 5588, 6129, 5048, 4998, 
4950, 4808, 4762, 4732, 4606, 4594, 4571, 4550, 4471, 4461, 4327, 4288. 

t Observed also by Lockyer; the 'indices' attached to these nnmbers denote the comparative * lengths * 



of the lines. 



5891-9 ThoUon. 



NiTEOGEN. 

Angstrom, * Fogg. Ann.' xoiv. p. 158, 1856. 

Plucker, * Pogg. Ann.' cv. p. 76, 1868; cvii. p. 519» 1869. 

Vander Willigen, « Pogg. Ann.' cvl. p. 610, 1859. 

Huggins, * Phil. Trans ' cliv. p. 144, 1864. 

Plucker and Hittorf, * Phil. Trans.' olv. 1, 1866. 

Brassak, * Abh. Nat. Ges. Halle,' x. 1866. 

Wiillner, * Pogg. Ann.' cxxxv. p. 624, 1868 ; cxxxvii. p. 366, 1869 ; cxlvii. 

p. 325, 1872 ; cxlix. p. 103. 1873. 
Lecoq de Boisbaudran, * Spectres Lumineux,' Paris, 1874. 
Salet, * Ann. Ohim. Phys.' (4) xxviii. p. 52 ; «Compt. Rend.' Ixxxii. pp. 223/ 

274, 1876. 
Angstrom and Thal6n, *Nova Acta Upsal.' (3) ix. 1875. 
Vogel, * Pogg. Ann.' cxlvi. p. 569. 

Schuster, • Proc. Roy. Soc.' xx. p. 484 ; * Nature,' viii. p. 161, 
Hartley and Adeney, * Phil. Trans.' clxxv. 91. 
Hasselberg, *Mem. Acad. St. Petersbourg,' xxxii. No. 16, 1885. 



Spark Spectrum or Elementary Line Spectrum 



Huggins 



6602*t 
6482*-f 

6950*"f 

6942*t 

5930*- ■ 

6925*" 

6768*' ' 

6746t 

5726 

5709*t 

6686*t 

5680*t 

5675*t 



Thal^n 
b 



6602-3§ 

6479-8§ 

5949-2 

5941-7 

6932-l§ 

6929-6 

6767-1 

67451 

5711-1§ 
5686-6 
5678*1§ 
5674-6 



Kirchhoff 



6603-1 
6479-9 
5949-6 
5940-2 
5931-9 
5929-2 



5710-8 
5685-6 
56781 
5674-6 



Hartley 
and Adeney 



Intensity 




and 


Osc. Freq, 


Character 




4s 


15142J 


5s 


15428^ 


4s 


16804ft 


lOn 


16826ft 


lOn 


16863ft 


4s 


16860ft 


4s 


, 17336ft 


4s 


1 7401ft 


Is 


17469a 


48 


17505ft 


4s 


17683ft 


lOn 


17606ft 


6s 


17617ft 
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NiTBOOEN — eeatmued. 



Spark Spectram or Elementary Line Spectrum 


Intensity 














Huggins 


Thal^n 


Kirchhoff 


Hartley 
and Adeney 


and 
Character 


Osc. Freq. 


a 


b 


c 


d 






5668*t 


5666-1 ' 


5666-6 




lOn 


17644& 


6550*-|- 


5549-1 






4s 


18016ft 


6541*-|- 


5641-1 






6s 


18042& 


6534t 


5534-l§ 






8n 


18065ft 


5630*t 


55301 






6s 


i8078ft 


5524* 








Is 


18098a 


6495*t 


6495-l§ 






7n 


18199ft 


6479*t 


5479-1 






6s 


18246ft 


6462*-f 


5461-6 






4s 


18304ft 


5453*t 


5453-l§ 






3s 


18333ft 


5350 


5351-1 






2s 


18682ft 


6338* 


5339-6 






2s 


18722ft 


5319 


5320-1 






2s 


18791ft 


5179 


6184-7 




■ 


611 


19282ft 


5176 


5178-2 






4s 


19306ft 


6172 


6172-2 






2s 


19329ft 


5071* 








2s 


IdBSSa 


6045t§ 
6024*t 


6045'1 


6043-3 




8s 


19816ft 


5025-1 






8s 


19894ft 


5016*-f 


6016-1 






6s 


19930ft 


5010*-f 


5010-1 






6s 


19964ft 


5007 


5006-6 






4s 


19968ft 


5003*t§ 


6006-1 


6004-6 




lOn 


19974ft 


4999*t§ 


50021 


6000-6 




lOn 


19986ft 


4993*t 


4993-6 






6s 


20020ft 


4986*t 


4987-1 






6s 


20046ft 


4931 








Is 


20274dj 


4895*t 


4895-6 






4s 


20420ft 


4880* 








Is 


20486a 


4866 








Is 


20546a 


4858*t 
4849*-f 








4s 


20579a 








4s 


20617a 


4804*t§ 


4803-1 






8s 


20814ft 


4788t§ 


4788-1 






8s 


20879ft 


4781t 


4779-1 






10s 


20918ft 


4640 - 


4640-2 






6s 


21090ft 


4629*t§ 


4630-6 


4629-8 


4628-9 


8s 


21593ft0^ 


4621*+ 


46211 


4620-7 


4619-9 


5s 


21636bod 


4613*t 


4613-1 


4612-8 


4612-3 


5s 


21673bod 


4608*t§ 


4606-6 


4606-6 


4605-6 


6s 


21703bod 


4600*+§ 
4553*t 


4601-1 


4601-0 


4600-1 


6s 


21729bod 






4553-2 


2b 


21956<; 


4533*-f 






45301 


3n 


2206Sd 


4506* 






4506-6 


3s 


22183^ 


4496 








Is 


22235a 


4490 








Is . 


22265a 


4477 






4476-6 


3s 


22332^ 


4448*t§ 


4446-6 


4446-3 


4446-1 


7s 


22^S&d 


4430*t§ 


4432-1 




/ 4432-6 
\ 4425-9 


8b 
3n 


2255id 
22588^ 


4398t 








4s 


22731a 


4347t 


4347-6 




4348-2 


6s 


22991^ 


4238*t 


230-0 




r 4236-4 
\ 4228-9 


6n 


2d598d 
23640^ 


4206* 




' 


4206-3 


2n 


23766^ 
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NiTBOGBN --continued. 



Spark Spectrum or Elementary Line Spectrum 


Intensity 

and 
Character 


Osc Freq. 


Huggins 
a 


Thfll^n 
b 


Kirchhoff 
e 


Hartley 

and Adeney 

d 


4170*t 

4142* \ 

4130* / 

4101t 
4094* 

4038+ 
4000t 


41370 

4040*1 
3996-1 




r4176-8 

\ 4169-2 

/4145-4 

\ 4132-8 

4102*6 

4096-5 

4041*7 

3994*5 


4n 
6s 

68 

6s 
5s 
5n 

8s 


23936/2 

23979/2 

24122/2 

24190/2 

24368/2 ^ 

24404/2 

24735/2 

25027/2 



6165) 



• ObBerred also by Flttoker, who gives also Nitrogen lines at 6376, 68S8, 6341, 6288, 6849, J^^ ] , 6754, 5560, 
5380, 5309, 5164, ^^^ \ , 5120, 5098, 4743, 4782, 4644 and ^^ \ , of which 6809, 5164 and 4644 have also been 

S Obeeryed also by Leooq de Boisbaadran. 



noted by Salet. 

t Obserred also by Salet. 



NlTBOQEN, 





Band Spectrum 


Intensity and 
Character 




I. 


II. 




Negative 


Poflitive 




Obc. Freq. 


AngstrOm and 
Thal^n 


Lecoq de 


Angstrdm 






Boisbaudran 


and ThaMn f 


I. 


II. 




a 


b 


c 












6870*0 




4b' 


14552/T 






r 6785-7 




6^ 


14733c 




6752 


< 6778-6 




4b' 


14748/7 






L 67600 




3b' 


14788/T 






f 67010 




6b' 


14919/; 




6682 


< 6693-4 




4b' 


14936/? 






16673-5 




3b' 


14980c 






r6621-8 




6b' 


16098c 




6604 


< 6614-2 




4b' 


15115/J 






L 6594-7 




3b' 


15159/7 






r 6542-3 

s 6533-8 

I 6516*3 




6b' 


15281c 




6524 




4b' 


15302c 






% 


3b' 


15342c 






r 6465-5 




6b' 


15462c 




6448 


< 6458-6 




4b' 


16479c 






I 6440*6 




3b' 


16522c 






f 6392-5 




6b' 


16639c 




6375 


<^ 6384-8 




4b' 


16658c 






L 6366-8 




3b' 


15702c 






r 6321-0 




9b' 


15816c 




6306 


<^ 6313-8 




7b' 


16834c 






16294-9 




5b' 


15882c 






r 6249*2 




9b' . 


15997c 




6233 


< 6242*6 




7b' 


16014c 






L62255 




5b' 


16058c 
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NiTBOGBN— CCAfi»«M;i{. 



Band Spectrum 


Intensity 


Osc Freq. 


I. Negative 


II. 


Podtiye 


and Character 


O— 1 _i. 


Lecoq de AnestrOm 
Boisbaudran and Thal^n 


I^coq de 


JLngstrbm 






Salet 


Boisbaudran 


and Thal^n 


I. 


II. 




a 


( 


c 


h 


c 
















f 6183-2 
N 61761 
L6168-2 




6b' 


16168c 




6171 


« 


6171 




4b' 


16189c 




6161 








3b' 


16234c 


6144 








r 6125-4 




4b' 


16321c 


6087 

1 


6108 




6108 


< 6118-8 
L 61021 
f 6066-3 




3b' 
2b' 
6b' 


16338c 
16383c 
16480c 


6030 


6048 




6048 


{ 6060-6 
1 6043-3 
f 6011-8 




4b' 
3b' 
6b' 


16496c 
16642c 
16629c 




5994 


* 


6994 


{ 6004-6 




4b' 


16649c 


5973 








1 5987-8 
f 6967-3 




3b' 
6b' 


16696c 
16781c 




5943 


« 


6943 


< 6960-6 




4b' 


16800c 


6913 








L 5933-3 
f 5904-6 




3b' 
6b' 


16849c 
16931c 




5891 


♦ 


6891 


i 6897-6 




4b' 


16961c 


5860 








1 5882-5 
f 6863-0 




3b' 
9b' 


16996c 
17080c 




5839 




6839 


\ 6846-1 
1 6830 6 




7b' 
6b' 


17100c 
17146c 


6802 








f 5801-8 




9b' 


17231c 




6790 




6790 


< 6796-3 
1 6780-6 
f 67620 




7b' 
6b' 
9b' 


17260c 
17294c 
17380c 


6748 


6737 


« 


5737 


{ 6746-6 
L 6730-7 




7b' 
5b' 


17399c 
17446c 




6695 




5696 


/ 5703-8 
\ 6682-5 




4b' 


17627c 




5680 




6680 




2b' 


17693c 








6660 


/ 6667-9 
1 5637-2 




4b' 


17669c 










2b' 


17734c 




6600 




6600 


/6612-6 
\ 6694-2 
f 6667-9 




4b' 
2b» 
6b' 


17812c 
17870c 
17964c 




5557 




6567 


< 66630 
[5561-8 
f 6626-2 
i 6618-7 
L 66060 
f 6613 4 
\ 6493-7 
5482-8 
f 5476-9 
\ 5472-6 




4b' 
3b' 
6b' 
4b' 
3b' 
6b' 
3b' 
6b' 
6b» 


17970c 
18007c 
18093c 
18116c 
18167c 
18132c 
18197c 
18234c 
18253c 












4b' 


18268c 


6417 


5457 




6467 


f 6441-9 
< 6437-0 
1. 6422-1 
( 5406-4 
\ 5401-7 
I 6387-4 




2n 

9b' 

7b' 

5b' 

9b' 


18320* 
18371c 
18387c 
18438c 
18491c 












7b' 


18607c 












6b' 


18556c 










f 5371-7 
{ 6366-7 
L 6363 2 




9b' 


18610c 












7b' 


18628c 












6b' 


18676c 
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NiTBOOEN — continued. 







Hand Spectrum 














« 






IntensltT 
and Character 


Osc. Freq. 




I. Negati 


ive 


11. Positive 






AngBtrdm 




o 






Salet 


Lecoq de 


Lecoq de 


Angstrdm 
audThal^n 






A 


K/«»&W V 


Boisbaudran 


and Thal^n 


Boisbaudran 


I. 


II. 




a 


b 


c 


b 


c 








5320 


5330 




5330 


5339-7 




3b' 


18722c 


5280 


5302 




6302 


5306-3 
r5273-8 
15256-3 




3b' 
6b' 


18840c 
18956c 












3b' 


19019c 










f5244-6 




6b' 


19061c 










J 5239-3 




4b' 


19081c 






6227-6 




^ 


65^ 




19124a 




t5223 




6222 


.5226-6 

r 6213-1 

< 6207-7 

I 51961 

'5183-4 




3b' 
9b' 
7b' 
6b' 
9b' 


19127c 
19177c 
19196c 
19239c 
19286c 








6177 


^ 5179-3 
.6166-8 
r6163-7 




7b' 
6b' 
6b' 


19302c 
19352c 
19398c 




<c5148 


6160-0 




1 5149-0 

15138-7 

6126-6 

5097-7 


3b' 


4b' 
3b' 
6b' 
6b' 


19412c 
19416c 
19454c 
19501c 
19611c 


06065 


5064 




6064 


5066-6 




6b' 


19735c 


/8o030 


06003 






50320 




6b' 


19867c 
19982 J 


74973 


4973 




4973 


4972-0 




6b' 


20107c 


84910 


4915 
4861 




4916 


49190 




6b' 


20323c 
20565* 


64810 


4814 




64814 


48130 




6b' 
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* other feeble maxima observed by IngstrSm and Tbal^n in the neffntive band spectrum at about 5760 
S900, 6000, 6180, 6SS0, 6470, 6600. t Called by Angstrom and Thaldn, ' le spectre da blozyde d'azote.* 
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Osmium. 

Huggins, • Phil. Trans.* 1864, p. 139. 
Thal6n, * Nova Acta Soc. Upsal.' (III.) vi. 1868. 
Fraser, * Chem. News,* viii. p. 34. 
Lockyer, ' Phil. Trans.* dxxiii. p. 661, 1881. 
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3s 
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Lockyer has observed the following lines in the Arc Spectram of Osmium between 
wave-lengths 3900 and 4000 :— 39904, 3976-6, 3962-7. 39183. 



Oxygen. 

Angstrom, • Pogg. Ann.* xciv. p. 141 (1855) ; * Phil. Mag.' xlii. p. 397. 

Pliicker, * Pogg. Ann.* cvii. p. 618, 1869. 

Huggins, < Phil. Trans.* cliv. p. 146, 1864. 

Pliicker and Hittorf, * Phil. Trans.* civ. p. 23, 1865. 

Brassak, • Abh. Nat. Ges. Halle,* x. 1866. 

Wiillner, * Pogg. Ann.* cxxxv. p. 516, 1868 ; cxxxvii. p. 350, 1869 j 

cxliv. p. 481, 1872 ; cxlvii. p. 329 ; * Wied. Ann.* viii. p. 253, 1879. 
Salet, * Ann. Chim. Phys.' (4) xxviii p. 52, 1873. 
Lecoq de Boisbaudran, * Spectres Lumineux,* Paris, 1874. 
Angstrom and Thal6n, • Nova Acta Soc. Upsal.* (III.) ix. 1875. 
Schuster, * Phil. Trans.* clxx. p. 37, 1879 ; * Wied. Ann.* vii. p. 670, 1879. 
Paalzow and Vogel, •Wied. Ann.* xiii. p. 336. 

Piazzi Smyth, * PhU. Trans. Ed.* xxx. p. 419, 1882 ; • Phil. Mag.' (5) xUi. p 330. 
Vogel, * Pogg. Ann.* cxlvi. p. 669. 
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OxxQVis—eontiiwed. 
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Oxygen — continued. 
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4073* 


) 4071-4§ 


4074 }§ 
4071-5 
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Fpr ultra-violet lines, possibly due to oxygen, see * Air.* 

Pliicker gives also oxygen lines of Spectrum I. at 6452, 6118, 5340, 5315, 5144, 4848, 4327, 
4262, 4243, 4171, 4136, 4104, and 4094, of which 4243 has also been noted by Lecoq de 
Boisbandran. 

In the map accompanying the memoir of Angstrom and Thal6n, oxygen lines are shown 
at 6170, 5207, 5190, 5176, 5164, 5159, 4964, 4955, 4942, 4940, 4924, 4917, 4890, 4870, 4864, 
4869, 4866, 4712, 4706, 4698, 4677, 4663, 4649, 4642, 4640, 4696, 4590, 4468, 4419, 4414, 
4368, 4360, 4348, 4346, 4336, 4319, 4316, 4189,4184, 4156, 4149, 4123, 4118, 4076, 4073, 4070. 

Vogel gives of Spectrum II. bands at 6450 and 6150. 

* Observed also by FlUcker. t 4648-9 and 4641-4 Kirohhofl. 

X Observed also by Salet, who gives alBO lines at 64fi0, 6120, 4475. 

o 
§ Obf>erved also by Angstr'dm. || Observed also by Lecoq de Boisbandran. 

t* This band is made up of Unes at 6200-0, 5218-8, 5216-9, 5225-8, 5231-2, 52390, 6247-7, 62550, 6262-7, 6869*1, 

5276-9, 5284-4, 5292-6. •• 6171-1 Kirchhoff ; 6170 AngstrBm. 

ft This band is made up of lines at 5552*8, 55584, 5564-5, 5570-1, 5575-8, 5581-2, 5591^, 5601-2, 5611-3, 6618*8. 
5639*6. 
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PALLADiaH. 

Kirchhoff, • Abh. Berl. Akad.* 1861. 

Huggins, ' Phil. Trans.' 1864, p. 139. 

Thal6n, * Nova Acta Soc. Upsal.' (III.) vi. 1868. 

Lecoq de Bo5jsbaudran, ' Spectres Lumineux/ Paris, 1874. 

Lockyer, * Phil. Trans.' clxxiii. p. 661, 1881. 
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Lockyer has observed the following lines in the Arc Spectrum of Palladium between 
the wave-lengths 3900 and 4000 :— 3991-6, 3984-8, 3957-7. 

:*? PJ*^^,®* also by Lecoq de Boisbaudran In the Spark BpoctrniD of Palladium CUoilde solutioiL together 
with the following lines :-6778, 6177, 6486, 4917, 4170, 4088. f Double. *«"««, wi5«wier 
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Phosphobus* 

S^guin, •Compt. Rend.* liii. p. 1272, 1861. 
Pliicker and Hittorf , « Phil. Trans.' civ. p. 24, 1866. 
Salet, * Ann. Chim. Phys/ (4) xxviii. p. 56, 1873. 
Christofle and BeUstein, * Compt. Rend.' Ivi. 399, 1863. 
Mulder, * Journ. f. Prakt. Chemie,' xci. p. Ill, 1864, 
Lecoq de Boisbaudran, * Spectres Lumineux,' Paris, 1874. 
Lockyer, * Proc. Roy. Soc' xxii. p. 374, 1874. 
Hof mann, ' Pogg. Ann ' czlvii. p. 92. 
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Phosphorus— O09t^«c^. 
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Platinum. 

Kirchhoflf, • Abh. Berl. Akad.' 1861. 

Huggins, * Phil. Trans.' 1864, p. 139. 

Thal6n, • Nova Acta Soo. Upsal.' (in.) vi. 1868. 

Lecoq de Boisbaudran, * Spectres Lumineuz/ Paris, 1874. 

Lockyer, * Phil. Trans.' clxxiii. p. 661, 1881. 
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Platinum — emUinued. 



Spark Spectrum 


Inten.<ity 
and Character 


OscFreq. 


Huggins 
a 


Thiddn 
b 


Kirchhoff 

e 


*4653 
*4521 
♦4499 
♦4444 

♦4327 


4551-9 

4498-3 

4442-1 

♦4389-5 

43270 


4498-2 
44423 


8nc 

58 

8sc 
4sd 
4sd 
48d 


219626 

22113a 

2222460 

2250560 

227746 

231036 



Lockyer has observed the following lines in the Arc Spectmm of Platinnm between the 
wave lengths 3900 and 4000 :-3995-9, 39797, 39651, 39525, 3947*3, 3924-4, 39220, 39102, 
3905-8, 3903-7, 39030, 39002. 

* Observed also by Lecoq de Boisbsudran in the Spark Spectmxn of Platintun CUoride solntioiL, together 
with the following lines ;— 6757, 6319, 6819, 6788, 4999, 4659, 4415, 4194, 4165, 4118. t Doable. 



Potassium. 

Bonsen and Kirchhoff, *Phil. Mag.' (4) zx. 
Kirchhoff, * Abh. Berl. Akad.' 1861. 
Huggins, *Phil. Trans.' 1864, p. 139. 
Butherford, * Sillman's Joom.' (2) xzzv. p. 407. 
Wolf and Diacon., * Compt. Rend.' Iv. p. 334. 
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Potassium — eontintied. 
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Becquerel has observed infra-red lines at 7700, 10980, 11020, and 12330. 

* Observed also by Salet. 
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Rubidium. 
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Bnnsen, ' Pogg. Ann.' civ. pp. 280, 366 ; * Phil. Mag.' (4) 1. pp. 417, 527. 

Liveing and Dewar, *Proc. Roy. Soc.' xxviii. pp. 367, 471. 
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Samaeium. 

Thal^n, * Ofversigt K. Vetensk. Akad. ForhandL' xl. No. 7. 
C15ve, Ibid. 
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S AMABIUM —eontimied. 
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• Possibly due to Chlorine. 

t These lines occur in Boscce's • Terbium ' Spectrum, Joum. Chem. Soc. xU. p. 283. 
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Scandium. 

Thal6n, * Ofversigt af Kongl. Vetensk Akad. Forhandlingar.* xxxviii. No. 6, p. 13. 
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Possibly doable. 



t Prohsbly due to the Oxide. 
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Selenium. 

Mulder, * Joum. f. Prakt. Chemie,* xci. p, 113, 1864. 

Pluckerand Hittorf, *Phil. Trans.' civ. p. 6, 1866; *Compt. Rend.' Ixxiii. p. 622. 

Salet, * Ann. Chim. Phys.' (4) xxviii. p. 4^, 1873. 
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b 


22710c 






5163 


2 


19400c 






4383 


b 


22809c 




#5142 


5124 


10 


19510c 






4349 


b 


22987c 






6115 


4 


iy546c 






4318 


b 


23152c 






5103 


4 


19691c 




4270 


4269 


b 


234156c 






6099 


4 


19606c 




4215 
4170 


4219 
4179 
4138 


b 
b 
b 


237066c 
239486c 
24159c 



• Double. 
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Silicon. 



Troopt et Hantefeuille, *Compt. Rend.' Ixxiii. p. 620, 1871. 

Salet, * Ann. Chim. Phys.' (4) xxviii. p. 65, 1873. 

Pliicker, * Pogg. Ann.* cvii. p. 531, 1859. 

Hartley, * Proc. Roy. Soc' xxxv. p. 301. 

Liveing and Dewar, *Phil. Trans.' clxxiv. p. 222, 1883. 



I. Spark Spectrum 


II. Arc 
Spectrum 


Intensity 
and Character 


Osc. Freq. 


Salet 
a 


PlUcker 
b 


KirchhofF 
c 


Liveing 

and Dewar 

d 


I. 


II. 


6360 
a5981 

75049 
54420 

€4130 
f3890 


6329 
5978 

♦6043 

4205? 
4160? 


6058-1 
6043-4 


288M 

2528-1 
2523-9 
2518-8 
2515-8 
2514-1 
2506-6 
2434-8 


b 
b 

b 
b 
b 
b 




15757a& 

16719a& 

19764c 

19822(T 

22618a 

23774d 

24206a 

25699a 

379910 
39342^ 

39612c<^ 
S969lcd 
39739<?^ 
39766c^ 
39884^^ 
41052c^ 


Hartley 
2881-0 
2631-4 
25410 
2528-1 
2523-6 
2518-6 
2515-6 
2513-7 
2506-3 
2435-5 



• Double. 



Silver. 

KirchhofiF, * Abh. Berl. Akad.' 1861. 

Huggins, *Phil Trans.' 1864, p. 139. 

Mascart, * Annales de I'Ecole Normale,' iv. 1866. 

Thal6n, *Nova Acta Soc. Upsal.' vi. 1868. 

Lecoq de Boisbaudran, * Spectres Lumineux,* Paris, 1874 

Lockyer, *Phil. Trans.' clxiv. p. 805, 1874. 

Liveing and Dewar, * Proc. Roy. Soc' xxix. p. 398, 1879. 

Hartley and Adeney, *Phil. Trans.' clxxv. p. 109, 1884. 



I. spark Spectrum 


II. Arc 
Spectrum 


Intensity 
and Character 


Osc. Freq. 


Huggins 
a 


ThaMn 
b 


Kirchhoff 
c 


Liveing 

and Dewar 

d 


I. 


II. 


6371 
6249 
6034 
6973 
6854 

• 


6036-2 
6666-1 






Isc 

Isc 

2nd 

Isc 

Isc 

4nd 




15691a 
15998a 
16562h 
16737a 
17077a 
17675& 
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SiLVEB — canttnvdd. 



I. Spark Spectrnm 


II. 

Arc Spectrnm 


Intensity 
and Character 


^x ^r^ 














Osc. Freq. 


Huggins 


Thal^n 


Kirchhoff 


Liveing 
and Dewar 


I. 


II. 




a 


6 


c 


d 








6644 


6645-1 






4nd 




177096 


6626 


5625-6 




f 


4nd 




177706 


5622 


5622-6 






8nd 




177806 


5607 


5610-6 






4nd 




178186 


5690 


5590-1 






4nd 




178836 


5570 


5568-1 
5566-6 






4nd 
2sd 




179546 
179916 


6568 


5561-6 
5622-1 
5486-6 






8sc 

4nd 

2nd 




180086 
181046 
182216 


6471 


5470-1 


16469-9 




8sc 




182766/? 


5463 


♦54641 


5464-0 


(54641) 


lOsc 


r 


182966c 


6426 


6423-6 






6nd 




184326 


6412 


6411-1 






2nd 




184766 


6401 


6401-6 
5299-1 






8nc 
6nd 




185086 
188666 


5207 


*6208-9 
4874-1 
4666-6 

♦4475-1 


15208-7 


(5208-9) 


lOsc 
8sc 
4sd 
4sd 


r 


191936c 
205116 
214226 
223396 


Hartley 






and 






> 








Adeney 


§4211-3 

4208 

§40630 




r 


23738^ 
23757€« 
24665^ 






3541-3 




2sd 




28229c 






3404-2 




2sd 




29367c 






3389-7 




2sd 




29492c 






3382-3 




lOsc 




29557c 






t3351-8 




2nd 




29826c 






3311-6 




28d 




30188c 






3306-1 




2sd 




30238c 


» 




/ 3300-6 
\ 32990 




28d 




30288c 








2sd 




30303c 






3292-3 




2nd 




30365c 






3288-6 




2nd 




30408c 






3280-1 




lOsc 




30477c 






3272-8 




2nd 




30546c 






3266-2 




2nd 




30617c 






3260-2 




2nd 




30664c 






3251-8 




2nd 




30743c 






32438 




48d 




30819c 






r3231-8 
\ 3228-6 




2nd 




30933c 








2nd 




30964c 






S216^0 




2nd 




31024c 








2nd 




31086c 






3^8^1 




2nd 




31161c 






-319^-8 




2nd 




31252c 






3m*6 




2nd 




31332c 






3188-7 




2nd 




31400c 






3179-2 




2nd 




31446c 






3174-3 




2nd 




31493c 






3134-9 


• 


Ind 




31890c 
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Silver — continued. 



Spark Spectrum 


Intensity 




Spark Spectrum 


Intensity 






and 


08cB*req. 




and 


Obc. Freq. 


Hartley and Adeney 


Character 


HartTey and Adeuey 


Character 


3129-2 


Ind 


31947 


2419-9 


7sd 


41310 


r 2937-4 


2sd 


34033 


2414-5 


Isd 


41403 


< 2933-5 


5sd 


34079 


r 24 13-3 
\ 2411-3 


9brd 


41423 


12928-2 


5sd 


34140 


8brd 


41468 


2919-1 


4sd 


34247 


• 2409-3 


Isd 


41492 


/ 2901-6 
\ 2895-6 


5sd 


34453 


2406-4 


2sd 


41642 


6sd 


34524 


2404-5 


. 2sd 


41575 


2872-7 


5sd 


34800 


2395-7 


2sd 


41728 


2814-5 


5sd 


35619 


23933 


Isd 


41769 


2798-9 


58d 


35717 


2390-8 


5sd 


41813 


f 1 2766-4 


7sd 


36139 


/ 2386-7 
\ 2386-2 


2sd 


41885 


s 2755-5 
L 2742-9 


7sd 


36279 


2sd 


41894 


2sd 


36446 


2383-6 


26d 


41939 


2720-6 


Isd 


36746 


2375-6 


6nd 


42082 


27113 


7nd 


36872 


2365-8 


4sd 


42265 


2680-6 


68d 


37295 


2364-3 


5sd 


42282 


2659-6 


7sd 


37688 


2362-3 


5sd 


42319 


2656-2 


4sd 


37636 


2359-2 


6sd 


42375 


r2627-3 
12625-2 


48d 


38050 


2358-1 


7sd 


42394 


4sd 


38081 


2343-7 


Isd 


42665 


r2613-7 
\ 2605-4 


4sd 


38248 


2342-1 


Isd 


42684 


4sd 


38370 


2339-2 


Isd 


42737 


2598-2 


lad 


38476 


2332-5 


Isd 


42860 


2594-7 


2sd 


38628 


2331-7 


9b'd 


42872 


2579-9 


7sd 


38749 


r 2325-8 
\ 2326-3 


7b'd 


42981 


f 2565-8 


2nd 


38962 


9b'd 


42992 


< 2663-2 


2nd 


39002 


2322-3 


4nd 


43048 


L 112561-6 


dsd 


39029 


2320-6 


9b'd 


43080 


26520 


Isd 


39173 


2319-5 


2sd 


43100 


2534-5 


78d 


39443 


2317-4 


9b'd 


43139 


/I 25060 
\ 2603-6 


7sd 


39891 


2310-1 


4sd 


43275 


4sd 


39930 


2296-8 


2sd 


43526 


/ 2486-4 
It 2485-4 


2sd 


40206 


2286-7 


Isd 


43718 


2sd 


40222 


2280-7 


9b'd 


43833 


f 2479-9 


5sd 


40311 


2277-8 


2sd 


43888 


< 2476-8 


68d 


40362 


2275-3 


2sd 


43937 


Lt 2473-3 


7b'd 


40419 


2254-1 


4sd 


44350 


2469-0 


2sd 


40489 


/ 2249-9 
\ 112247-6 


7brd 


44433 


J 2462-2 
\ 2459-8 


5sd 


40601 


7b'd 


44478 


58d 


40640 


2230-6 


5b'd 


44817 


24530 


7sd 


40753 


/ 2206-0 
\ 22020 


Isd 


45319 


2447.4 


9sd 


40846 


Isd 


45399 


02445-7 


4sd 


40875 


21860 


4b'-d 


45731 


2443-9 


5sd 


40905 


2165-8 


2sd 


46157 


2437-3 


9nd 


41016 


2161:3 


Isd 


46263 


/ 2429-8 
\ 2428-8 


9sd 


41142 


2145-4 


4b'-d 


46696 


4sd 


41159 


2119-0 


Ind 


47176 


2422-8 


2sd 


41261 


2112-0 


Ind 


47333 



* Obeeryed by Leooq de Boisbandran in the Spark Spectrum of Silver Nitrate solntion, together with the 
foUowing. :~6022, 4997, 4968, 4669, 4622, 4670, 4518, 4434, 4396, 4308. t &468-ff and 6207-1, Mascart. 

" See Tin. } Observed also by Lookyer. | See Lead. ^ See Oopper. 
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Becqnerel, ' Compt 


Rend.' icvi. p. 121B; lorii, p. 75 










II. Arc Spectrum 


Inlenaity 
and Chancer 


Osc 


Huggins 


"f" 


Thal^n | Liveing and Dew«r 


I. 


11. 






./ 61602 


8bc 




16228S 






• 1 6154-4 




Sbc 




16344» 


D 




/ 6896-1 




lOac 


lOt 


16968fr 


D 




• 16888-1 ■ 




lOso 


10c 


169766 








69d 




17578S 








6sd 


I 


17696* 
ITSlfled 








Bad 




19393i 








6ad 




19402» 








4nc 


nr 

b 
b 
b 


200616 
20066rf 
20072rf 
21040^ 
31067^ 
21418^ 
2I436rf 
22002.2 
22016f2 
22234.2 
22243.2 
22602.2 
22620d 
22757.2 
22772i 
23019<2 






Comu J335 




b 


23114<r 






f 3301 3 

\ 3300-8 






302840 










302860 



a obseTTed.Htfra-red lines a 



• OtHcrred ilao by Leooq de Bolabsndiaa In tbe 8puk apeaCnim of 9odli 
t Obamrel bj Lookiec. Tha ' Indlcv ' bCUcIwI to tboe anmben desoM 
«■. % eig» Abney. 



8190 1 and 11120 in the Arc Spectrum 
Biilphat«. 
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Lockyer, * Phil. Trans.' clxiii. p. 639 ; clxiv. p. 311. 
Liveing and Dewar, * Phil. Trans.' clxxiv. p. 217. 
Becquerel, *Compt. Rend.' xcvi. p. 1218; xcvii. p. 72. 



I, 


Spark Spectrum 


II. Arc Spectrum 


Intensity 
and Character 














1 


Osc. Freq. 


Huggins 


ThaMn 


Kirchhoff 


Lockyer 


Liveing 
and Dewar 


I. 


II. 




a 


b 


c 


d 


e 








7108 










4s 


14066a 


6886 










4s 




14620a 


6790 










4s 




14723a 


6641 










Is 




16054a 


6606 










2s 




16133a 


♦6648 


t6550-3« 








4sd 




16262ft 


6602 


t6601-8C») 


6602-7 






8sd 




16375ft<? 


6436 






4 




b 




16636a 


6410 


t6407-3a) 
t6387-3(«) 


6407-4 






lOsc 




16602ft<7 


6388 








6sd 




16651ft 


6383 


t63803W 








4sd 




16669ft 


6369 










Is 




15696a 


6347 










Is 




15761a 


6343 










Is 




16761a 


6311 










b 




16841a 


6274 










Is 




16934a 


6251 










b 




16992a 


6220 










b 




1607&a 


6172 










Is 




16199a 


6098 










2s 




16394a 


6998 










b 




16667a 


6977 










b 




16726a 


5971 


t5970-7») 
t68601(») 








2sd 
2sd 




16743ft 
16802ft 


6816 






. 




Is 




17189a 


6766 










In 




17338a 


5647 










2n 




17703a 


6623 










3s 




17779a 


6679 










Is 




17919a 


5643 










4s 




18036a 


*6640 


t6640-l(« 


6639-4 






6sd 




18046ftc 


5631 


t66330(») 


5633-6 






8sc 




18067ftc 


*6519 


t6622-6<« 


5620-6 




(5622-6) 


8sc 


r 


18105ftc 


*6500 


t6603-6<« 


5503-0 




(6603-6) 


8sc 


r 


18166ft6- 


5496 










b 




18190a 


5487 


f6485-ici) 


5484-8 






6sd 




18226ft0 


*6480 


t6480-l<») 


5480-8 




(64801) 


lOsc 


r 


18241ftc 


♦6460 










6s 




18343a 


6423 










2s 




18435a 


5383 










3b 




18671a 


*5264 


t5266-in) 


5256-6 




(5256-1) 


8sc 


r 


19019ft<; 


♦6238 


t6238-7(») 


6238-1 




(6238-1) 


lOsc 


r 


19084ftc 


«6228 


t6228-7") 


6228-3 




(5228-7) 


6sd 


r 


19120ftc 


5SJ24 


t6225-7^»> 


5226-4 

1 




(5225-7) 


6sd 




idl'Slbc 



K2 
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STBOTSmvM—eoTUinvsd. 








I. 


Spark Spectrum 


II. Arc Spectrum 


' Intensity 
and Character 


Osc. Freq. 
















Hugginfl 


ThaMn 


Kirchhoff 


Lockjer 


Liveing 
and Dewar 


I. 


II. 




a 


b 


c 


d 


e 








6221 


t6223-70) 


6222-8 




(6223-7) 


68d 


r 


19138»<7 


5217 










2s 


19162a 


♦6166 








(61660) 


2s 


r 


19393a 


5102 










1 




19694a 


*4967 


t4967-6Ci) 








4sd 




20124^ 


4962 


t4961-60) 






(4961-6) 


8sc 


r 


20149& 


4943 










lb 




20224a 


»4893 








(4893-0) 


Is 


r 


20431a 


•4876 


t4876ia) 






(4876-1) 


68d 


r 


20502^ 


4872 


t4872ia) 






(48721) 


6sd 


r 


20519J 


4866 








(48660) 


2 


r 


20649a 


4863 










2 




20600a 


♦4830 


t4831-6a> 






(4831-6) 


6sd 


r 


206915 


♦4811 


t4812-ia) 






(48121) 


6sd 


r 


20775J 


*4784 


t4783-6<»> 






(4784) 


6sd 




20899J 


4760 










Is 




21046a 


4742 


t4740-6(i) 






(4741) 


6sd 




21088& 


♦4721 


t4721-l<i) 






(4721) 


6sd 




21175& 


♦4604 


t4607-6W 


4607-4 




(4607-6) 


lOnc 


r 


21697d<? 


4438 






4437-0(1) 


^ ^ 


2n 




225Sld 


4367 






4366-0») 




Is 




22903d 


4361 










In 




22924a 


4337 






4336-0(W 




2n 




23066^ 


4319 






tl|4326-0i« 




2n 




23114^ 


♦4306 


t4306-3(») 
§t4226-3(S) 


4304-9 


4306-3W 


(4306-3) 


lOnc 


r 


2322lbed 










6nd 




236645 


♦4216 


t4216-3(8) 




42163(5) 


(4216-3) 


lOno 


r 


23716W 


♦4161 


t4161-0(») 




4161-0(8) 


^ ^ 


6nc 




24026^ 


♦4078 


t4078-6t<) 




4077-0<*^ 
/1F4031-7^»^ 
\ ||4031-6^« 


(4078-6) 


lOno 


r 


246165<; 
24796^ 














24797^ 








4029-4(*) 








24810^ 








8969-1 








25187<i? 








8939-6( 


§3706-0 
36630 
86470 
3627-0 
3498-0 
3464-0 
3468-0 
3379-6 
3364-6 
3306-2 
2931-1 




n 


26376^ 
26983^ 
27367d 
28184<; 
28344^ 
28679rf 
28869^ 
28910<; 
295Sld 
2971Sd 
S02iSd 
34106<;; 



Beoqnerel has observed infra-red lines at 8700, 9610, 10030, 10340, and 10980 in the 
Arc Spectmm of Strontiiim. 

• ,®Jf°7!?o^y ^"^5^ ll ,^*^°^^^» together with the bands of Strontiimi Oxide, in the Spark Spectrum 
of Bolntion of Strontium Chloride. 

t OUerred also bjJMikjet: the «indloe8» attached to these numbers denote the comparative • lengths' of 
thelines. tSeeBarlnm. SSeeOaMum. |SeeIron. ^ See Manganese, 
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[. Band 
Spectrum 




11. Line 


Spectrum 


Intensity 
and Character 


Oscillation Freq. 


Salet 


o 
Ang8tr5m 


Hftsselberg 


Plttcker and 
Hittorf 


Salet 


I. 


II. 


J. 


II. 


a 


b 


c 


d 


e 
















6579 
6454 
6421 






2 
2 

4 




15195<« 
15490£f 
16569^ 






» 


6404 
6390 
6321 
6309 
6290 
6152 


6400 
6390 
6325 
6310 
6290 




8 
6 
8 
8 
10 
2 




1661 5A? 
156i5de 
16811<fo 
15844<if 
15893^<; 
16250^ 


6145 






6111 




Ib^ 


2 


16269a 


16359^ 


6090 










lb' 




16416a 




6030 






6009 




lb' 


4 


16579a 


16637^ 


5970 










2b' 




16746a 




5900 






5866 




2b' 


4 


16944a 


17042/^ 


5845 






5810 




2b' 


4 


17104a 


17207i 


5780 






5780 




2b' 


4 


17296a 


17296^ 


5716 










2b' 




17492a 






5671 




6667 




r6670 




6 




nes^dfi 






5659-7 


5657 
5650 




5660 
5655 




8 
8 




17664<? 
17686^ 


6645 


6645 


5639-3 


6641 
6618 


a^ 


5647 


3b' 


10 
4 


17709a 


17727<y 
17794<^ 




5613 


5603-8 


5609 




5610 




10 




17840c 


5595 






5584 




3b' 


4 


17868a 


17903^ 






6561-3 


5568 
5558 


5570 




8 
4 




179760 
l7dS7d 


6535 




5616-9 


5532 
5522 




3b' 


2 
4 


18061a 


18071^ 
18121<j 






5507-3 


6508 


6510 




8 




18125J 


5480 










3b' 




18243a 






6474 


6470-6 


6473 


f 


■ 6477 




8 




18274J 




6451 


64510 


6452 


^\ 


*5455 




10 




18340tf 




r432 


54381 


6438 


I 


. 5432 




8 




18383c 


6425 




5429-7 
5418-4 
6386-6 


6425 




3b' 


6 


18428a 


18412c 
18460c 
i8559c 


5365 










5b' 




18634a 






6346 


5341-7 


5338 


(-5350 
^ \ 6320 




10 




18715c 


5310 


5322 


5319-2 


5304 


2b' 


10 


18827a 


18794c 








5269 






2 




18973// 


\ 






5231 








4 




IdUld 
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SULPHUB — continued. 



I. Band 
Spectrum 


II. Line Spectrum 


Intensity and 
Character 


Oscillation Freq. 


Salet 


o 
Angstrdm 


Hasselberg 


PlUckerand 
Hittorf 


Salet 


I. 


II. 


I. 


II. 


a 


b 


c 


d 


e 














6217-8 


5218 






2 




19160c 


5250 


6207 




6207 


/5220T 
\5217 U 


8b- 


8 

8 


19042a 


19ldQbd 




5191 


5214-4 


5199 


5205 J 




10 




19172c 


6190 






5191 




8b'' 


2 


19262a 


19258/i 






5200-1 


5182 


5160 




10 




19225c 


5143 




5142-5 


5143 
5141 
6140 
6124 
5110 




2b- 


6 
2 
2 
4 
2 


19438a. 


194400 
19446^ 
19449// 
19510</ 
1956^ 


5088 




5102-9 
5078-3 


5096 
5068 


6103 


8b- 


8 
2 


19648a 


19591c 
19686c 


5040 




5044-9 


5044 
6036 


• 


8b- 


4 
2 


19835a 


19816c 
19851^ 




5027 


6032-5 


/5030 
15024 




f5030 
5024 




It} 




19865c 




5013 


6012-7 


/5013 

\5004 

6003 


Ch 


5013 
5008 




1} 

2 




19943c 
19982^ 


4990 


4994 


4993-9 


/5000 
14990 




6000 
14990 


6b- 


i} 


20034a 


20018c 


4945 




4941-6 


4942 




6b- 


4 


20216a 


20231c 




4926 


49250 
4918-5 
49019 


4924 
4922 
4902 


C4925 




8 
6 
6 




20300c 
20325c 
20394c 


4890 




4884-5 


4884 




2b 


6 


20444a 


20471c 


4840 






4825 


4825 


8b- 


6 


20655a 


20719ic 






4815-6 


4813 


i|4810 




8 




20760c 






4808-5 


4804 






4 




20790c 


4795 




4792-8 


4791 




7b- 


4 


20849a 


20859c 






4778-5 


4777 






2 


1 


20921c 






4762-8 


4768 






2 




20990c 






4752-8 


4762 






2 




21034c 


4755 






4734 
4723 




2b- 


2 
2 


21029a 


21118</ 
21167^ 






4714-9 


4718 


64715 


5b- 


8 




21203c 


4705 


• 




4692 
4671 


4690 
4670 




b 
b 


21248a 


2imde 
2U05d€ 


4655 






4657 
4630 


4655 
4630 


6b- 


b 
b 


21476a 


2Ul\de 
2\^92de 


4615 






4610 
4593 
4580 
4561 


4610 
4590 
4580 
4560 


8b- 


b 
b 
b 
b 


21662a 


21685/fe 
21773flJc 
21827 A? 
2\92\de 


A 1^ g ^v 




4551-5 


4552 




4556 




10 




21964c 


4540 












2b' 




22020a 








4524-7 


4523 




4525 




10 




22096c 


■ a mm,^\. 




4485-1 


4485 


M'* 


4485 




10 




22290c 


4470 












8b- 




22365a 








44640 


4466 




4467 




10 




22395c 
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SULPHUB — continue i. 



I. Band 
Spectmm 


II. Line Spectrum ^ • 


Intensity and 
Character 


Oscillation Freq. 


Salet 


O 

Angstrbm 


Hasselberg 


PlUckerand 
Hittorf , 


Salet 


I. 


11. 


I. 


II. 


a 


b 


c 


d 


e 










4450 






4432 
4422 


4435 
4425 


2b 


b 
b 


22465a 


22549^ 
22600<2<9 


4367 






4386 
4358 
4350 
4343 
4336 
4329 


4390 


3b 


b 


22892a 


22783^ 

22940^ 

22982^ 

23019<l 

23056^ 

23093<2 


4320 






4315 


4315 


2b 


b 


23141a 


23168^^ 






\ 


4297 
4284 
4279 




r4295 

4282 




8 
8 

4 




2327O<20 
233^0de 
23362<; 








4272 


w< 


4269 




S 




2H^mde 








4259 








4 




23473^2 








4255 




.4250 




8 




23&0Sde 








4241 






b 




23572d 








4229 






b 




23639<2 








4196 


4192 




b 




23836^ 


4187 






4181 
4168 
4158 
4140 


r4180 

p< 4162 

L4I55 


2b 


6 
8 
6 
6 


23876a 


23914^ 
24003^^ 
2^052de 
24148^ 


4070 










2b 


2i 


24563a 





Tantalum. 

Lockyer, * Phil. Trans.* cbodii. p. 561, 188. 



Arc Spectrum 


Intensity 

ai.d 
Character 


Oscillation 
Frequency 


Arc Spectrum 


Intensity 

and 
Character 


Oscillation 
Frequency 


Lockyer 


Lockyer 


3998-6 
3995-7 
3995-0 
39910 
3987-4 
3979-7 
3975-5 
3973-0 
3971-6 




25001 
25019 
25024 
25049 
25071 
25120 
25146 
25162 
25171 


3971-2 
3964-5 
3963-3 
3942-7 
3940-3 
3936-3 
3914-0 
39110 
3906-9 




25174 
25216 
25224 
25356 
26371 
25397 
25541 
25561 
25688 
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Tellurium. 

Huggins, *Phil. Trans/ 1864, p. 139. 

Thal6n, *Nova Acta Soc. Upsal.' (III.) vi. 1868. 

Ditte, * C. R.' Ixxiii. 622L(1872). 

Salet, * Ann. Chim. Phys.' xxviii. p. 49, 1873 ; * C. R.' laadii. 742. 

Gernez, * C. R.' Ixxiv. p. 1190 (1872). 

Salet and Beoquerel, * C. R.' Ixxiii. 742. 

Hartley and Adeney, • Phil. Trans.* clxxv. p. 63 (1883). 



I. Band 
Spectrum 


II. 


Line Spectrum 


Intensity and 
Character 


Oscillation Frequency 


Salet 


Salet 


Huggins 


TbaMn 










a 


b 


c 


d 


I. 


IL 


I. 


II. 






6646 






4 




15044c 




(6437) 


6431 
6366 
6347 
6290 


6437-2 




10s 
Is 
In 
2s 




15531^ 
16704c 
15751c 
15893c 


6250 




6243 
6228 




6b 


3n 
3s 


16995a 


16013c 
16052c 


6150 








6b 




ie255a 




6050 


(6046) 


6042 


6046 2 


5b 


68d 


1662Aa 


16534^? 




(6012) 


6010 
6996 


6012-7 




6sd 
In 




16626i 
16676c 




(5973) 


5970 


5973-2 




lOsc 




1673Qd 


5940 


(5936) 


6934 


5936-2 


5b 


8sc 


16830a 


16844^ 




(5856) 


6854 


68566 




4sd 




I7062d 


5856 


(5852) 


5849 


58521 


7b 


48d 


17074a 


UOSSd 




(5825) 




6826-1 




4nd 




ni62d 




(5805) 




68056 
6781-1 




4nd 
68d 




17220^ 
1729Sd 




(5755) 


6756 


5765-1 




lOsc 




17371(i 






5740 


5741-1 




2sd 




17413<f. 


5736 








8b- 




17432a 






(5707) 


5708 


5706-6 




lOsc 




17518<i 


6685 




• 




8b 




17585a 






(5647) 


6646 


66471 




lOsc 




17703rf 






6618 


5616-1 




4sd 




17801<^ 




(5574) 


6676 


5574-1 




8sc 




17935^^ 


5560 








4b 




17980a 






(5488) 


6486 


54881 




68d 




18022<^ 


6470 


(5477) 


5476 


5477-6 


4b 


6sd 


18276a 


18251<e' 




(5447) 


6447 


5447-6 




8sc 




18351<^ 


5410 




5409 


5408-6 


4b 


4sd 


18479a 


18483^ 




(5366) 


' 6366 


5366-1 




6sc 




18630^ 


6340 








4b 




18721a 


( 




(5310) 


5309 


6310-1 




' 6sd 




18826^ 






5298 


5299-1 




2sd 




18865^ 


5278 








4b 




18941a 




5220 


(5217) 


5222 


6217-2 
6172-2 


4b 


8nc 
2sd 




19162^ 
ld32Sd 


5156 


(5162) 




6152-2 


4b 


6sd 


19389a 


19403rf 






5134 


5133-2 




2nd 




19475rf 




(5104) 




6104-1 




6sd 




19586^ 


5070 








4b 




19718a 








6038 


50351 




4sd 




19865^ 


5015 








4b 




19934a 




4970 








4b 




20115a 




4920 








4b 




20319a 


' 
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Tellubiuh — eoatinued. 



J. Band 
Spectrum 


II. 


Line Spectrum 


Intensity and 
Character 


Oscillation 


Frequency 


Salet 


Salet 


Huggins 


Thal^n 












V 




m 


I. 


11. 


I. 


II. 


a 


* 


e 


d 
















4895-1 




2nd 




20422<^ 


4870 


(4866) 


4866 


4866-6 


4b 


4nd 


20628a 


20542^ 


M Otf%/\ 




4832 


48321 


4b 


2nd 


20741a 


20689^ 


4820 














Hartley 


4786 


4785-1 




2nd 




20892i 


4767 


and 






8b 




20971a 




4726 


Adeney 






8b 




21168a 






4707-6 


4709 






4sd 




21236* 




46930 








48d 




21302* 


4670 




4664 
4652 




8b 


In 
In 


21407 


21434c 
21490c 


4600 


46020 


4602 
4599 


4603-6 


6b 


28d 
In 


21733a 


2l719bd 
21738c 


4560 




4644 




6b 


b 


21923a 


22000c 


4510 


r 44870 
\ 4480-0 






6b 


2sd 


22166a 


22280* 




4479 






2sd 




22315* 


4470 








4b 




22366a 






4436-0 








2sd 




22536* 


4400 


44000 






4b 


2sd 


22721a 


22721* 




4378-0 
4364-5 








28d 
28d 




22835* 
22905* 


4360 


4353-0 


4352 




2b 


28d 


22982a 


22966* 


4330 


4324-6 






2b 


48d 


23088a 


23117* 




4301-6 


4302 






6sd 




23241* 


4280 


/ 4292-7 
\ 4287 3 






2b 


4sd 




23288* 








48d 


23368a 


23318* 




4274-4 








6sd 




23388* 




4259-8 


4259 






6sd 




23468* 


4250 


4221-1 






2b 


68d 


23522a 


23684* 


4200 


r4180-7 
\ 4170-3 






2b 


2sd 


23802a 


23912* 










4sd 




23972* 


4150 


4119-7 
4072-7 






2b 


4fld 
2sd 


24089a 


24267* 
24546* 




4061-3 


4063 






6sd 




24615* 




4054-2 








6sd 




24658* 




4048-3 








4sd 




24694* 




40060 








88d 




24955* 




3983-8 








6sd 




26094* 




3968-6 








6sd 




25190* 




3948-0 








6sd 




25322* 




3932-6 








28d 




25421* 




3908-7 








2nd 




25576* 




3841-3 








86d 




26026* 




38030 








4sd 




26286* 




3796-9 
37890 
37760 








2sd 
4sd 
48d 




26330* 
26385* 
26475* 




37710 








4sd 




26610* 
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Tbllubium — oimtinued. 



Line Spectram 


Intengity 


Oscillation 


Line Spectram 


Intensity 


Oscillation 


Hartley and 


and 
Character 


Frequency 


Hartley and 


and 
Character 


Frequency 


Adeney 






Adeney 

1 






37650 


4sd 


26553 


; 3217-6 


4sd 


31069 


37590 


4sd 


26595 


i 3213-3 


4sd 


31111 


3754-0 


4sd 


26630 


3210-4 


2sd 


31139 


3735-5 


Ssd 


26762 


3192-2 


4sc 


31317 


3726-2 


8sd 


26829 


3188-1 


48C 


31356 


37160 


48d 


26903 


3183-7 


2sd 


31400 


3698-7 


48d 


27028 


3174-4 


4sc 


31492 


3683-3 


4fid 


27141 


3168-5 


48d 


31661 


3676-7 


4sd 


27190 


3158-4 


2sd 


31652 


3670-4 


4sd 


27237 


3154-1 


4sd 


31696 


3656-4 


4sd 


27341 


3145-7 


4sd 


31779 


/ 3649-2 
\ 3644-3 


6Bd 


27396 


3131-7 


28d 


31921 


6sd 


27433 


3124-7 


2sd 


31993 


36363 


4sd 


27492 


3119-6 


4nd 


32046 


3626-7 


4sd 


27566 


3107-6 


6sd 


32170 


3617-0 


6sd 


27639 


3098-7 


4sd 


32261 


3611-0 


4sd 


27685 


3095-5 


48d 


32294 


3601-7 


4sd 


27756 


3088-0 


4sd 


32374 


3599-6 


48d 


27772 


3072-7 


6sd 


32536 


3594-5 


4sd 


27812 


3063-2 


2sd 


32636 


3589-4 


4sd 


27851 


3052 8 


28d 


32747 


3551-6 


8sd 


28148 


3046-0 


Snc 


32820 


3541-8 


4sd 


28225 


3022-1 


28C 


33080 


3533-1 


4&d 


28295 


3016-6 


Ssd 


33140 


3520-3 


Ssd 


28398 


3012-1 


4sd 


33190 


3510-8 


28d 


28475 


3004-1 


4sd 


33278 


3496-3 


8sd 


28693 


2996-4 


4sd 


33363 


3483-7 


28d 


28696 


2988-8 


4sd 


33448 


3480-8 


4sd 


28720 


/ 2976-2 
\ 2975-6 


4sd 


33590 


3474-4 


2sd 


28763 


4sd 


33601 


3465-5 


4sd 


28847 


2973-1 


2sd 


33625 


3456-0 


8sd 


28927 


2966-1 


Ssd 


33704 


3450-4 


2sd 


28982 


2960-3 


2sc 


33770 


3441-2 


Ssd 


29051 


2956-3 


2sd 


33816 


3422-2 


4sd 


29212 


2950-6 


2sd 


33881 


3415-3 


4sd 


29271 


2948-8 


2sd 


33900 


3407-5 


Ssd 


29338 


2945-3 


2sd 


33942 


3382-4 


lOsc 


29556 


2940-8 


Ssd 


33994 


3374-1 


4sd 


29629 


2937-7 


48d 


34030 


3362-4 


Ssd 


29732 


29325 


4sd 


34090 


3352-1 


6sd 


29824 


29281 


28d 


34141 


3329-0 


6sd 


30030 


2923-4 . 


4sd 


34196 


3322-7 


4sd 


30087 


2918-9 


2sd 


34249 


3315-8 


48d 


30149 


2905-9 


2sd 


34402 


3307-1 


8>=c 


30229 


2901-9 


4sd 


34449 


3289-6 


2sc 


30390 


/ 2894-3 
1 2893-3 


Snd 


34540 


/ 3280 
\ 3273-4 


lOsc 


30479 


6sd 


34562 


lOsc 


30540 


J 


r 2877-4 


2sd 


34743 


/ 3267-4 
\ 3264-6 


2sd 


30596 


i 


[ 2873-6 


2sd 


34789 


2sd 


30622 


1 


r 2867-7 


Snd 


34860 


3256-3 


Ssd 


30700 


i 2859-9 
[2857-0 


68d 


34954 


3250-8 


4sd 


30751 


Snd 


34991 


3246-8 


lOsc 


30790 


r 2844-9 
\ 2840-0 


68d 


36139 


3242-1 


48d 


30836 


6sd 


35200 


/ 3234-2 
\ 3229-4 


4sd 


30910 


/ 2836-9 
1 2834-4 


2sd 


35226 


2sd 


30953 


2sd 


35270 


3221-8 


4sd 


31029 




2823-2 


6sc 


35409 
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Tbllukium — continued. 



Line Spectrum 


Intensity 


Oscillfltion 


Line Spectrum 


Intensity 


Oflcillation 


Hartley and 


and 
Character 


Frequency 


Hartley and 


and 
Character 


Frequency 


Adeney 






Adeney 






/ 2815-3 
\ 28130 


2sd 


35509 


2658-7 


2nd 


39070 ' 


2sd 


35538 


2549-7 


2nd 


39275 


r27991 


4sd 


35714 


2543-7 


6sd 


39300 


<^ 2795-5 


4sd 


35760 


2536-8 


2nd 


39407 


L2791-9 


8nd 


35807 


2533-8 


2sd 


39464 


r 2768-6 


6sc 


36108 


r 2529-4 
\ 2528-3 


8sc 


39523 


<^ 2766-5 


6sd 


36135 


2nc 


3S640 


L 27660 


4sc 


36142 


2526*6 


2sd 


39582 


2756-0 


2sc 


36273 


2505-2 


6sd 


39904 


2751-5 


2nd 


36332 


2502-7 


28d 


39944 


/ 27450 
\ 27430 


4sd 


36418 


2498-6 


6nd 


40010 


4sd 


36444 


r2491-3 


2sc 


40127 


/ 2739-5 
\ 2738-0 


4sd 


36491 


I 2490-8 


2nd 


40134 


4sd 


36511 


1 2488-7 


2sd 


40168 


f 2723-2 

< 2720-7 

[2718-0 


2nd 


36711 


L2485-3 


2nd 


40224 


2sd 


36744 


r 2480-9 


2sd 


40295 


2sd 


36781 


1 2479-6 


2nd 


40316 


/27130 
\ 2710-2 


2sd 


36848 


2476-7 


2nd 


40363 


8nd 


36887 


2473-2 


6sd 


40420 


J 2702-3 
\ 2700-3 


2sd 


36995 


24690 


2nd 


40489 


2sd 


37022 


/ 2462-0 
\ 2460-2 


4nd 


40604 


/ 2696-6 
1 26941 


6nd 


37073 


4nd 


40634 


end 


37107 


2452-8 


'Snd 


40756 


/ 2690-2 
\ 2688-2 


23d 


37161 


f 2447-8 


6sd 


40840 


2sd 


37189 


J 2444-3 


2nd 


40906 


f 2683-2 
\267«-8 


2nd 


37258 


] 2441-7 


2sc 


40942 


2nd 


37305 


[24380 


8sc 


41004 


3674-6 


2sc 


37378 


r2432-0 


2nc 


41105 


2666-0 


4sd 


37498 


2429-7 


2nd 


41144 


2659-4 


2b^d 


37591 


{ 2428-2 


2sc 


41169 


26571 


4nd 


37624 


2426-7 


2nd 


41196 


/ 2648-7 
\ 26470 


2nd. 


37743 


I 24250 


4nd 


41224 


2nd 


37767 


/ 2420-3 
\ 2418-6 


2nd 


41304 


2642-3 


2nd 


37834 


2nd 


41334 


2637-0 


2sd 


37910 


J 2413-3 
\ 2411-4 


8sc 


41423 


/ 2634-7 
I 2630-5 


6nd 


37943 


6sc 


41466 


2nd 


38004 


/ 2403-7 
\ 24000 


6nd 


41589 


f2627-8 


4sd 


38043 


6sc 


41663 


< 2624-3 


4sd 


88094 


/ 2392-8 
\ 2390-7 


4nd 


41778 


L2621-4 


4sd 


38136 


4nd 


41815 


2617-4 


2sc 


38195 


/ 2386-3 
\ 2383-8 


lOnc 


41892 


/ 261 3-7 
\2611-3 


4sd 


38248 


lOnc 


41936 


4sd 


38283 


/ 2377-0 


2nd 


42066 


f 2604-4 


2nd 


38385 


1 2375-3 


2nd 


42086 


< 2699-4 


2sd 


38469 


2370-3 


8sc 


42175 


L25981 


2sd 


38478 


r 2364-7 
\ 2362-8 


4nd 


42274 


2594-0 


2sd 


38538 


4nd 


42310 


/ 2590-1 
\ 25850 


2nd 


38597 


f 2369-8 


4nd 


42364 


2nd 


38673 


< 2358'6 


6sd 


42386 


f2580-l 


2nd 


38746 


L 2367-0 


4nd 


42414 


J 2578-0 


2nd 


38778 


2361-7 


2nd 


42610 


] 2574-8 


48d 


38823 


2344-3 


2nd 


42644 


1 2572-4 


4nd 


38865 


2340-3 


2nd 


42717 


2567-8 


2nd 


38932 


2336-8 


2nd 


42780 


2664-1 


2nd 


38988 









140 



Tbllubium — ifontmued* 



Line Spectrum 


Intensity 

and 
Character 


Oscillation 
Frequency 


Line Spectrum 


Intensity 

and 
Character 


OsciUation 
Frequency 


Hartley 
and Adeney 


Hartley 
and Adeney 


f 23320 


8sd 


42869 


2202-8 


2nd 


46382 


1 2326-5 


8sd 


42989 


2200-1 


2nd 


45438 


] 2321-0 


8sd 


43072 


2196-5 


2nd 


46513 


L2317-8 


8sd 


43131 


f 2192-2 


6nc 


45602; 


2310-1 


2nd 


43276 


< 2189-7 


6nd 


46664 


2303 7 


2nd 


43408 


I 2186-9 


2nd 


46712 


2301-1 


2nd 


43444 


r21820 
\ 2179-2 


2nd 


45815 


. 2297-5 


2nd 


43512 


6nc 


45874 


22960 


6nc 


43560 


2175-3 


2nd 


46954 


2291-8 


2nd 


43620 


/ 2167-2 
\2165-7 


2nd 


46128 


2288-6 


2nd 


43673 


2nd 


46160 


/ 2280 6 
1.2277-2 


6nd 
6nd 


43831 
43900 


2159-7 

f 2149-7 

< 2147-8 

L21467 

2142-7 


2nd 
2nd 


46288 
46603 


2286-7 


6nd 


43756 


2no 


46544 


f 2266 2 
J 2264-2 


6nc 
2nd 


44113 
44152 


2nd 
2nd 


46568 
46663 


) 2260-4 
12266-6 


6nc 


44230 


/2136-5 
\ 2135 


2nd 


46790 


6 no 


44301 


2nd 


46823 


22600 


6nd 


44431 


f 2125-5 
\ 2122 5 
/ 21 190 
\2116-3 


2nd 


47032 


f 22480 
\ 2247-3 


6sc 
6nc 


44470 
44484 


2nd 
2nd 


47099 
47176 


2243-3 


6b'c 


44563 


2nd 


47237 


2240-7 


2nd 


44615 


r2113-3 
\2110-6 


2nd 


47304 


f 2231-3 


2nc 


44803 


2nd 


47366 


< 2230-3 


2no 


44823 


2108-4 


2nd 


47414 


1 2229-0 


2nc 


44849 


2103-6 


2nd 


47622 


2226-8 


2nd 


44893 


2100-2 


2nd 


47600 


2223-2 


2nd 


44966 


2078-5 


2nd 


48095 


2219-3 


6b'o 


45045 


f 2050-8 


2nd 


48745 


2216-0 


2nc 


45122 


i 2039-2 


2nd 


49022 


/ 2211-2 
\ 2209-5 


6nd 
6nd 


45210 
46245 


1 2032-7 


2nd 


49179 



Terbium. 

Roscoe and Schuster, ' Jonm. Chem. Soc.' xli. p. 283, 



Spark Spectrum 


Intensity 
and Character 


1 

Oscillation 
Frequency 


Spark Spectrum 


Intensity 
and Character 


Oscillation 
Frequency 


Roscoe 
and Schuster 


Roscoe 
and Schuster 


6371-4 
6369-4 
6368-3 
5367-2 
6366-3 
5362-1 
6349-6 


6 

4 

4 

6d 

4 

6 

7 


18612 
18619 
18623 
18626 
18660 
18679 
18689 , 


6347-7 

6342-3 

63400 

5331-4 ? 

6320-5 

6318-7 

6306-4 


5 
6 
5 

2n 
7 
7 
7 


18694 
18713 
18721 
18751 
18790 
18796 
18839 
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Tebbium —eontirmed. 



Spark Spectrum 






Spark Spectram 








Intenfrity 
and Character 


Oscillation 




Intensity 
and Character 


Oscillation 


Roscoe 


Frequency 


Boscoe 


Frequency 


and Schuster 






and Schuster 






6301-6 


7 


18867 


4951-7 


5 


20189 


5300-6 


7 


18860 


4947-6 


6 


20206 


6292-3 


3 


18890 


4937-1 


4 


20249 


5281-6 


6 


18928 


4936-5 


4 


20255 


6280-4 


6 


18932 


49331 


2 


20265 


6271-9 


3 


18963 


4911-9 


2 


20363 


5270-6 


7 


18968 


4909-0 


3 


20364 


6268-8 


6 


18974 


4893-2 


2 


20430 


6264-6 ? 


2 


18989 


4864*2 


2 


20652 


5261-4? 


6 


19001 


4847-0 


5 


20625 


6264-8 


5 


19024 


4843-7 


2 


20639 


52511 


7 


19038 


4841-2 


2 


20650 


52501 


5 


19041 


4821-1 


3 


20732 


5248-6 


4 


19047 


48160 


7 


20762 


5236-7 


3 


' 19096 


4799-8 


4 


20828 


5233-3 


4 


19103 


4790-2 


4 


20870 


52320 


3 


19108 


4781-9 


2 


20906 


6218-7 


5 


19156 


4776-7 


3 


20928 


5197-1 


6 


19236 


4773-6 


2 


20942 


5195-1 


3 


19243 


47661 


3 


20975 


51920 


6 


19255 


4767-6 


2 


21013 


5190-3 


6 


19261 


4754-5 


2 


21026 


5186-8 


6 


19278 


5744-8 


6 


21070 


6182-8 


5 


19289 


47430 


3 


21078 


5176-4 


7 


19317 


4725-4 


2 


21156 


6174-6 


7 


19320 


4720-0 


2 


21180 


5172-3 


7 


19328 


4717-0 


2 


21194 


5166-6 


3 


19353 


4715-0 


2 


21203 


5155-2 


5 


19392 


4712-0 


4 


21216 


5154-4 


4 


19395 


4703-5 


6 


21254 


5140-6 


2 


19448 


4700-2 


6 


21269 


5129-8 


4 


19488 


4686-5 


4 


21332 


5124-9 


2n 


19507 


4676-1 


5 


21379 


5121-5 


3 


19520 


♦4673-6 


5 


21390 


6116-5 


4 


19539 


4668-6 


6 


21413 


5111-8 


1 


19567 


4654-5 


3 


21478 


5108-5 


4 


19569 


4646-4 


2 


21515 


5104-2 


3 


19586 


4641-6 


5 


21538 


6102-9 


5 


19591 


4638-0 


3 


21567 


5100-1 


7 


19603 


4636-9 


2 


21664 


6097-8 


4 


19611 


4614-9 


5 


21662 


5091-9 


5 


19633 


4603-5 


2 


21716 


5073-9 


4 


19703 


4600-3 


4 


21731 


5070-7 


6 


19715 


4597-3 


2 


21745 


6069-2 


6 


19721 


4596-3 


2 


21750 


5066-5 


3 


19732 


4594-3 


3 


21769 


5060-6 


2 


19765 


4693-0 


3 


21766 


6067-2 


4 


19768 


4590-8 


2 


21776 


6052-3 


8 


19787 


4689-0 


2 


21785 


6050-9 


2 


19793 


4684-1 


4 


21808 


5030-4 


6 


19873 


4581-7 


4 


21819 


5027-9 


6 


19883 


4580-6 


2 


'21825 


5014-6 


6 


19936 


4676-9 


5 


21842 


4960-9 


6 


20152 


4565-7 


6 


21896 


1 4956-6 


5 


20169 


4560-3 


2 


21921 
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Terbium — continvsd. 



Spark Spectrum 






Spark Spectrum 








Intensity 
and Character 


Oscilliition 




Intensity 
and Character 


Oscillation 


Roscoe 


Frequency 


Ro8coe 


Frequency 


and Schuster 






and Schuster 






4557-6 


2 


21939 


44301 • 


2 


22566 


4563-5 


3 


21954 


4427-3 


2 


22580 


4552-4 


3 


21960 


4423-8 


8 


22598 


4543-6 


5 


22002 


4420-6 


3 


22615 


4541-3 


4 


22013 


4420-3 


3 


22616 


4539-3 


5 


22023 


4418-7 


3 


22624 


4537-2 


6 


22034 


4414*3 


4 


22647 


4523-6 


5 


22051 


4408-9 


3 


22675 


4522-7 


4 


22104 


4407-7 


3 


22681 


4521-9 


2 


22108 


4406-3 


4 


22688 


4519-2 


5 


22121 


4402-7 


6 


22707 


4511-5 


4 


22159 


4401-4 


6 


22713 


4498-7 


4 


22222 


4390-4 


5 


22770 


4497-6 


3 


22228 


4387-1 


2 


22787 


4496-9 


4 


22231 


4382-4 


2 


22812 


4483-9 


2 


22296 


4380-1 


2 


22824 


4482-8 


3 


22301 


4373-4 


3 


22859 


4480-6 


3 


22312 


4369-2 


5 


22882 


4475-9 


2 


22336 


4361-4 


4 


22922 


t4473-4 


2 


22348 


4860-4 


5 


22927 


4472-2 


4 


22354 


4351-6 


6 


22973 


4470-9 


3 


22360 


4350-2 


6 


22980 


4466-9 


7 


22380 


43471 


6 


22996 


4466-1 


2 


22384 


43460 


4 


23003 


4462-6 


2 


22402 


4341-7 


8 


23026 


4458-3 


6 


22424 


4335-5 


6 


23058 


4454-3 


6 


22444 


4333-4 


3 


23070 


4452-6 


6 


22452 


4329-8 


2 


23089 


4449-6 


2 


22467 


4328-4 


4 


23096 


44440 


4 


22496 


4326-1 


3 


23109 


4441-8 


2 


22607 


4325-0 


4 


23114 


4437-8 


3 


22527 


4318-4 


5 


23150 


4435-6 


4 


22638 


•f 431 5-3 
+4313-1 


2 


23166 


4435-1 


4b 


22541 


2 


23178 


4433-7 


7 


22548 


4308-7 


5 


23202 



* Leas refrangible than the Yttrium line 4673*8. 



t Double. 
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Thallium. 

Lecoq de Boisbaudran, * Spectres Lumineuz/ Paris, 1874. 
Bunsen, « Pogg. Ann.* civ. p. 366 ; * Phil. Mag.* 1. p. 527. 
Huggins, * PhU. Trans.' cliv. p. 139, 1864. 
Thal6n, « Nova Acta Soc. Upsal.' (IH.) vi. 1868. 
Schonn, * Ann. Phys. u. Chem.'' N.F. ix. 483 ; x. 143. 
Liveing and Dewar, *Phil. Trans.' clxxiv. p. 219, 1883. 
Hartley and Adeney, 'Phil. Trans.* clxxv, p. 104, 1884. 



I. Flame 
Spectrum 


II. Spark Spectrum 


III. Arc 
Spectrum 


Intensity and Charactei 


r 

Osc. Freq. 


Lecoq de 
Boisbaudran 


Huggins 


Thal^n 


Liveing 
and Dewar 


I. 


IL 


III. 


a 


b 


c 


d 












6547 








4s 




15270J 




6240 








In 




1602U 




6002 








2s 




16656 J 




5949 


5947-7 


■ 




6nc 




16808c 




5824 








2s 




17165ft 




5771 








In 




17323ft 


5680 




5608-1 




3n 


2sd 




17600a 
17826c 




5487 


5490-1 
5412-6 
53601 






2sd 
4nd 
4sd 




18209c 
18470c 
18651c 


♦5349 


5347 


5349-6 


(5349-6) 


lOsc 


lOnc 


r 


18687c 




5153 


5152-7 
5085-1 






8nc 
4sd 




19405c 
19660c 




5078 


5078-6 






6nd 




19685c 




5054 


5053-1 






6sd 




19784c 




4980 


4981-6 
4945-6 






6nd 
4sd 




20068c 
20214c 




4893 


4892-1 






4sd 




20435c 




47fi7 








2n 




20971ft 




4737 


t4735-6 






6nd 




21110c 


Hartley 






and Adeney 
















4270-5 






4d 




23410c 






4152-7 






2d 




24074c 




4112 


4109-4 
4057-2 
4009-2 
3932-7 
3790-0 






8d 

2sd 

2d 

8d 

2d 




24327c 
24642c 
24935c 
25420c 
26378c 






3775-6 


3775-6 




lOsc 




26478c^ 






3682-2 






2d 




27149c 






3674-6 






2d 




27206c 






3658-9 






4d 




27322c 






3652-9 






4d 




27367c 






3528-8 


3528-3 




lOsc 




28331c^2 






3518-6 
3512-7 
3507-8 
3455-8 
3381-3 
3369-1 
3347-4 
3299-6 


3517-8 




lOsc 
2d 
2d 
8d 
8sd 
2d 
2d 
4d 




28415c^ 

28459c 

28499c 

28928c 

29566c 

29673c 

29866c 

30297c 
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THAhhlVM—oontinned, 



I. Flame 
Spectrum 


II. Spark Spectrum 


III. Arc 
Spectrum 


Intensity and Character 


^v v^ 
















Oflc. Freq. 


Lecoq de 
Boisbaudran 


Huggins 


Tbal^n ' 


Liveing 
and Dewar 


I. 


II, 


III. 


A 


a 


b 


e 


d 














3293-6 






4d 




30353O 






3288-6 






2d 




30399O 






3271-6 






4d 




305570 






3246-6 






4sd 




30792O 






32290 


3228-1 




8sc 




^096icd 






3214-2 






2d 




31102O 






3196-6 






4d 




312830 






318«v6 






4nd 




313720 






3162-6 






8d 




31610O 






3146-7 






4d 




317690 






3119-4 






4d 




32066O 






3111-4 






4d 




32130O 






3105-7 






4d 




321880 






30910 


2943-9 




lOsc 




323430 
BS957d 






2920-8 


2921-3 




8sc 


10 


Si22icd 






2917-7 


2917-8 




lOnd 


10 


U262cd 






2893-9 


2896-2 




2sc 




345360/2 






3848-6 






4nd 




350940 






2836-7 






4d 




362410 






2825-4 


2826-8 




2sc 




d5S79cd 






2812-6 


28269? 




4nd 


n 


365450 






2767-1 


2714-6 




lOn 




361270 
36826^ 






2709-4 


2710-4 




4so 


r 


36900o^ 






2708-6 


2708-8 




88C 


8Tir 


Se907od 






2700-1 


2699-7 




4d 


D 


37027ed 






2669-1 






4d 




374550 






26650 


2665-0 
2652-3 
2609-4 




48C 


n 

r 


376l2o<i 

S7692d 

38311^ 






2608-7 


2608-6 




4nc 


8r 


SSS22od 






2579-7 






8sc 




387520 






2551-6 


26620 




4sc 


r 


391760^ 






25300 


26170 




8nc 


n 


395130 
39717(2 






2477-7 






2sc 




40347O 






2468-9 






6d 




405010 






2451-9 






8d 




407710. 






2394-8 






6d 




417430 






2380-0 






8nc 




42003O 






2364-8 






6d 




422720 






2343-1 






4nd 




426660 




• 


2257-0? 

2299-3 

2257-0 

2243-7 

2239-0 

2217-0 

2210-0 

2203-5 






2sd 

8sc 

4d 

4d 

4c 

4d 

4d 

2d 




442930 
434780 
442930 
445660 
446470 
45092O 
462340 
463680 






2139-0 






4d 




467350 



* 8348-0 Mttller ; 4346*1 Ketteler ; 5352 Bernard ; 5348 Riihlmann ; 5348*8 Mascart. 
t 4740*0 Hartley and Adeney. 
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Thorium. 



Thal§n, * Nova Acta Soc. Upsal.' (III.) vi. 1868. 
Locl^er, * Phil. Trans/ 1881. Pt. III. 



Spark Spectrum 


Intensity 
and Character 


Osc. Freq. 


Spark Spectrum 


Intensity 
and Character 


Osc. Freq. 


Thal^n 


ThaMn 


5698-6 
56401 
5637-1 
5446-1 
6374-6 
4919-1 


2sd 
2sd 
6sd 
6sd 
6sd 
6sd 


17543 
17726 
18066 
18366 
18601 
20323 


4863-6 
4392-5 
4381-5 
4281-0 
4277-5 
4272-6 


6sd 

lOnc 

lOnc 

lOsc 

8sc 

6sc 


20565 
22759 
22816 
23352 
23371 
23398 



Lockyer has observed the following lines in the arc spectrum of Thorium between 
wave-lengths 3900 and 4000 :— 3999-6, 3995-3, 39937, 39910, 39898, 3987-3, 3986-4, 39804, 
3979-4, 3975-3,3972-4, 3971-2, 3966-6, 3959-2,3968-5, 39550, 39538, 39451, 39444, 39403, 
3937-8, 3937-2, 39362, 3934-7, 3931-9, 39311, 3928*5, 3924-4, 39183, 3900-6. 



Thulium. 

Thal6n, * 5fversigt K. Vetensk. Akad. Forhandl.' xl. 1881. 



Spark Spectrum 


Intensity 
and Character 


Osc. Freq. 


Spark Spectrum 


Intensity 
and Character 


Osc. Freq. 


Thaldn 


Thal^n 


5961-5 
6896-0 
6676-0 
6306-7 
5033-6 
47330 
4615-0 
4522-0 


1 
5 
3 
6 
4 
1 
2 
3 


16762 
16956 
17616 
18842 
19862 
21122 
21662 
22114 


4481-0 
4386-5 
4369-6 
4241-5 
42040 
4187-5 
4106-5 
4093-0 


2 
3 
3 
2 

2 
2 

1 
1 


22310 
22780 
22932 
23669 
23780 
23873 
24346 
24426 
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Tin. 

Kirchhoff, • Abh. Berl. Akad.' 1861. 

Muggins, *Phil. Trans/ cliv. p. 139, 1864. 

Mascart, * Annales Scientifiqaes de V^cole Normale/ iv. 1866. 

Thal6n, • Nova Acta Soc. Upsal.' (IH.) vi. 1868. 

Coma, * Spectre Normal du SoleU/ Paris, 1881. 

Liveing and Dewar, * Phil. Trans.* clxxiv. p. 219, 1883. 

Hartley and Adeney, • Phil. Trans.' clxxv. p. 104, 1884. 



I. Spark Spectrum 


11. 
Arc Spectrum 


Intensity 
and Character 


Obc. Freq. 












1 


Huggins 


Tbal^n 


Kirchhoff 


Hartley 
and Adeney 


Liveing 
and Dewar 


I. 


II. 


* 


a 


b 


c 


d 


e 








6840 




6837-4 






3n 




14621c 


6769 














14769« 


6573 




• 










15209a 


♦6447 


t6452-3(3) 


6452-8 






lOnc 




16494ft 


♦5798 


1679818) 


5798-4 






lOnc 




17242* 


♦5630 


t5630-l(4) 








8sc 




17756* 


♦5587 


t5588-6(3) 


5587-8 






lOnc 




17888* 


♦6564 


t5562-6(8) 


6661-6 






lOnc 




17972* 


6366 


t5368-6a) 








2sc 




18621* 


6347 


t6347-6a) 








48C 




18694* 


♦6333 


t63321(3) 








8nc 




18749* 


5328 














18763a 


5287 


t5289-60) 








2sc 




18899* 


5224 


t5224-2(*) 








4sc 




19J36* 


6098 


t5 100-6 W 
t50211(» 
t4923-l(i> 


5100-0 






6sc 
28d 

4sc 




1960O* 
19910* 
20306* 


4858 


t4858-lW 


4858-1 






6sc 




20568* 


4584 


H584-6(») 


4584-7 


4584-3 




8sc 




21806*^ 


♦4523 


t4624-lW 


114523-9 


45240 

4324-6 

4216-3 

4057-0 

3961-8 

39470 

3906-6 

3859-0 

3800-3 

3783-4 

3779-0 

3763-9 

3745-1 

3734-4 

37270 

3707-6 

3686-7 

3667-6 

3655'5 

3623-9 

3616-9 

3609-3 

3598-3 

3574-0 

3549-7 




JlOnc 
2sd 
2sd 
2sd 
6sd 
2sd 
8sd 
8sd 
8sc 
8sd 
8sd 
6sd 

lOsd 
8sd 
6sd 
8sd 
2sd 
2sd 
2sd 
4sd 
4sd 
8sd 

lOsd 
8sd 
6sd 




22098*^ 

23117^ 

23716/^ 

24641^2 

25233<^ 

25328^^ 

25590^ 

2o905<i 

26306^ 

26424<i 

26454^ 

26560^ 

26694^ 

26770^ 

26823/^ 

26964/f 

27117^ 

212bM 

27MM 

27686/^ 

21U0d 

27698<^ 

2m2d 

2mid 

28163/i 








3539-3 




4sd 




28245^/ 
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Tin — continued. 



I. Spark 


11. Arc 


Intensity 
find 




I. Spark 


II. Arc 


Intensity 
and 




Spectrum 


Spectrum 


Character 


Osc. Freq. 


Spectnim 


Spectrum 


Character 


Osc. Freq. 


















Hartley 


Liveing 








Hartley 


Liveing 


X 


T r 




and Adeney 
d 


and Dewar 
e 


I. 


11. 




and Adeney 
d 


and Dewar 

e 


I. 


II. 




3514-8 




4sd 


28442<; 


2660-2 


2660-7 


8sc 


37576^^ 


3487-3 




4sd 




28666^2 


2657-9 




lOnd 




37612^^ 


3471-1 




2sd 




28800^ 


2645-4 




8so 




37790^ 


3412-7 




8sd 




29294^ 


2643-2 




lOnd 




37821^ 


3390-4 




2sd 




29486<; 




2636-5 






37918/? 


3351-8 




lOnd 




29826^ 


2631-5 




lOnd 




37990^ 


3230-0 




lOso 




30021^ 


2617-9 




8sd 




3S187d 




33260 






30057^ 


2613-8 




4sd 




38247^ 


\ 3314-6 




2sd 




30160^ 


2611-0 




4sd 




38288^2 


3282-9 




lOnd 




30452^ 


2606-3 




4sd 




SSSo'ld 


I 3261-6 


§32600 


lOsc 




30648^?^ 


2598-5 




4sd 




S8^72d 


32450 




2sd 




30807/f 


2593-6 


2593-5 


6sc 




38645^^ 


3219-6 




4sd 




31050<i 


2691-7 




6sc 




SS57Sd 


3218-0 


^ 


4sd 




31066^ 


2570-5 


2571-0 


8sc 




38888^0 


3174-3 


3175-0 


lOsc 




31489^^ 


2563-2 




4nd 




39002^ 




3141-7 






31820<? 


2557-7 


2567-6 


4sc 




39087^ 


3140-6 




2sd 




31831<« 


2545-6 


2546-1 


8sc 




3d267de 


3122-3 




2sd 




32023<i 


2530-8 


2530-7 


4sd 




39502de 


3131-0 




4sd 




31928^ 


2523-4 


2623-5 


4sd 




S96l6de 


3095-2 




48d 




32294^ 


2514-0 




4sd 




39765^ 


3070-6 




8sd 




32556<? 


25060 




4sd 




39891^ 


3046-5 


• 


2sd 




32814^ 


2499-3 




4sd 




39998^ 


r3033'l 
\ 3007-9 


3033-0 


lOso 




32959<ie 


r 24950 


2495-5 


8sc 




40063^ 


3008-5 


lOsc 




33233<?£? 


2493-5 






40091<? 




2986-4 






33475€? 


) 2488-0 
L2482-9 




8nd 




40180<« 




29131 






34317/? 


2483-1 


8sc 




40277^ 


2911-9 




29C 




34331<« 


r 2455-5 




2sd 




40712<« 


2895-0 




8sd 




34532<2 


< 2449-4 




6nd 




40813^^ 


2886-9 




8sd 




34628^ 


[2446 2 




2sc 




40883^^ 


2877-4 




2sd 




34750^ 


2436-4 




8sd 




41031<^ 


2874-7 




4sd 




34776(i 


2433-3 




4sd 




41083^2 


28621 


2862-8 


lOsc 




3id22de 


2429-3 


2429-5 


lOsc 




41152^2^ 


2849-3 




8sc 




34987^ 


2421-8 


2421-5 


lOsc 




41280^1? 


2847-6 




8sc 




35106^ 


2408-0 


2407-9 


2sd 




ii515de 




2839-5 






36206^ 


2396-8 




4sd 




41726rf 


2838-9 




lOso 




35214<^ 


2393-7 


2392-5 


4sd 




41773^* 




2813-5 






35532^ 


2382-3 




4sd 




41962^ 


2812-5 


2812-5 


8sc 




3554:5de 


2381-7 




2sd 




41973^ 


2811-5 




4sd 




35557ei 


2368-3 




8sd 




A220Sd 


2787-3 


2787-5 


4sd 




35864<2^ 




2364-7 






42274^ 


27840 


2784-7 


6sc 




35902<^ 




2357-7 






42402^ 




2779-5 






359665 


2355-0 


2354-5 


lOsc 




42463rfe 


2778-0 




8so 




35985^ 


2335-3 


2334-3 


8sd 




^28\7de 


2778-8 




8sc 




S5975d 


2317-9 


2317-0 


8nc 




43138/fc 


2765-0 




48C 




36156^ 


2288-1 




6sd 




43691/2 


27640 




4sd 




36299fl5 




2286-9 






43714^ 


2761-8 




4sd 




36328^ 




2282-6 






43798^ 


2749-0 




4sd 




363654 




2276-4 






43935^ 


27460 




4sd 




36405^ 


22700 




8nd 




44039/2 


2738-4 




4sd 




36506^ 


2268-6 




4sd 




44062/2 


27330 




4sc 




36578^ 


2267-1 




2sd 




44095/2 


2705-8 




lOsc 




36947^ 




22610 




lOr 


44411^ 


2664-9 




8sd 




37514<£ 


22470 




8sd 




44490/2 



l2 
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Tin — eontifiued. 



I. Spark 
Spectrum 


II. Arc 
Spectrum 


Intensity 

and 
Character 


Osc. Freq. 


I. Spark 
Spectrum 


II. Arc 
Spectrum 


Intensity 

and 
Character 


Osc. Freq. 


















Hartley 

and Adeney 

d 


Liveing 

and Dewar 

e 


I. 


IE. 
10 




Hartley 

and Adeney 

d 


Liveing 

and Dewar 

e 


I. 


II. 






2246-8 




445140 


2199-2 


2198-7 


2sd 


45462/i/? 


2233-2 




4sd 




44765/Z 


21950 


21941 


2sd 




45553^fl 




2231-3 






44803^ 


2151-2 




2sd 




46471*^ 


2229-6 




Ssd 




US32d 


2119-2 




4sd 




47172^^ 


2221-6 




Ssd 




45000^ 


2113-6 




4sd 




47287^ 


2216-2 




2fid 




46128<? 


2079-3 




4sd 




48077<^ 


22101 


2210-7 


6sd 




i5226de 


2066-1 




4sd 




48384^ 



• Observed also by Lecoq de Boisbaudran in the Spark Spectrum of Stannous Chloride solution. 

t Observed also bj Lockjer ; the ' indices ' attached to these numbers denote the relative ' lengths' of the 



lines. 



2sd in Hartley and Adeney's photograph. 



D 4523*3, Mascart. 



§ 3259-9, Cornu. 



Titanium. 

Angstrom, * Recherches sur le Spectre Solaire ' (1868). 
Thal6n, *Nova Acta Soc. Upsal.' (III.) vi. (1868). 
Troost and Hautefeuille, * Compt. Rend.' Lxxiii. 20. 
Cornu, * Jour, de I'Ecole Polytech.' Hi. (1883). 



I. Spark Spectrum 


II. Arc Spectrum 


Intensity 
and Character 


Osc. Freq. 


Cornu 


Thal^n 


Angstrom 


Liveing 
and Dewar 


I. 


II. 


a 


b 


c 


d 










6656-0 






4sd 




15249& 




6543-1 






2sd 




15279ft 




6260-4 


6260-4 


(6260-4) 


8sc 


r 


15969ft<? 




6257-6 




*(6257-6) 


lOnc 


r 


15976ft 




6221-1 


6218-5 




6sd 




16070fl? 
16077<? 




6214-3 


6214-3 
61270 




6sd 




16087ftc 
16316c 




6125-4 






83d 




16321ft 




6097-6 


6097-6 




6sd 




16395ftff 




6090-6 


6090-6 




8sc 




16414ft<j 




6083-4 


6083-4 




6sd 




16433ftr? 




6064-7 


6064-7 




8sc 




16484ft<? 


59980 


6998-9 


5998-9 




8sd 




16666aft 




5978-2 


6978-2 




lOsc 




16722ftc 


6976-9 












16726« 




6966-5 


5965-5 




lOsc 




16758ftc 


6964-4 












16761a 


6961-5 


59520 


6962-0 




lOsc 




16797flft 


5940-3 












16829« 


5920-7 


5921-7 




(5921-7) 


6sd 




16884«ft 


5918-2 


5919-0 




(69190) 


6sd 




16891»ft 


6898-1 


5899-1 


5899-1 




lOsc 




16948aft 
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TiTAKiUM — continued. 



I. Spark Spectram 


11. Arc Spectrum 


Intensity 
and Character 


X*^ T^ 












Osc. Freq. 


Thalia 


Angstrom 


Liveing 
and Dewar 


I. 


II. 




b 


c 


d 








5866-4 


6866-4 




IObc 




17044fto 


5738-1 




(5738-1) 


6sd 




17422 J 


5714-1 


67141 




4sd 




17495fto 


5701-6 




(5701-6) 


2nd 




17634ft 


5688-6 


5688-6 




8sd 




17674ftc 


5679-1 


6679-1 




6sd 




n^OUo 


5674-4 


6674-4 




lOsc 




ll6iSbo 


6661-6 


6661-6 




lOsc 




1765Sbo 


5647-1 




(6647-1) 


4sd 




17703& 


5643-1 


56431 


^ ^ 


lOsc 




miBbc 


5629-1 




(66291) 


2nd 




17769ft 


6697-3 




(6597-3) 


2nd 




17860ft 


5564-7 


5564-T 




6sc 




17966&C 


5513-5 


6613-4 




lOsc 




18132ftc 


5511-9 


5511-9 




lOso 




18137ft<J 


6602-9 


5602-9 




•8sc 




18167fto 


. 64890 


6489-0 




8sc 




18213ft<j 


6486-9 


5486-9 




6sd 




18220fto 


5480-3 


5480-3 




8sc 




18242ft<j 


6476-6 




(5476-6) 


6sd 




18254ft 


5473-4 


6473-4 


^ ^ 


6sd 




18266ft0 


5470-6 


6470-6 




4sd 




18274ft(7 


5448-1 


5448-1 




6sd 




18360ft<7 


5446-9 


6446-9 




4sd 




18367fto 


5428-7 


6428-7 




8sc 




18416ft(j 


6425-1 


6425-1 




6sd 




18427ft<y 


54180 


54180 




4sd 




18451fto 


5408-7 


6408-7 




8sc 




18488ft& 


5403-1 


64031 




6sc 




18602fttf 


5396-2 


5396-2 




8sc 




18626ft<? 


6380-3 


6380-3 




6nc 




18681ft<7 


6368-9 




(5368-9) 


88C 




18620ft 


5360-6 




(6350-6) 


88C 




18684ft 


6336-9 


6336-9 


X X 


lOsc 




18732fto 


5298-6 




(5298-6) 


6sd 




18867ft 


6296-8 




(5296-8) 


lOsc 




18874ft 


5296-6 




(5295-6) 


6sd 




18878ft 


6287-9 




(6287-9) 


4sd 




18906ft 


5282-9 




(6282-9) 


lOsc 




18923ft 


6271-6 




(5271-6) 


4sd 




18964ft 


6267-3 




(5267-3) 


4sd 




18979ft 


6266-1 




(6266-1) 


8sc 




18987ft 


6263-0 




(6263-0) 


4sd 




18996ft 


5269-7 




(5259-7) 


4sd 




19007ft 


6255-1 




(62551) 


4sd 




19024ft 

_ 1 


626i0 






4sd 




19038ft 


5246-5 




(5246-5) 


8nc 




19066ft 


5238-7 




(6238-7) 


8nc 




19083ft 


5226-2 


6224-8 
5224-2 


(5226-2) 


6sd 




19129ft 
191330 
191360 


5223-2 




(5223-2) 


lOnc 


r 


19140ft 


5217-7 




(6217-7) 


4sd 




19160ft 
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Titanium -^continued. 



I. Spark Spectmm 


II. Arc Spectmm 


Intensity 
and Character 


Osc. Freq. 












Thal^n 


AngBtr5m 


Liveing 
and Dewar 


I. 


II. 


A 


b 


c 


d 








6209-7 


5209-7 


(5209-7) 


lOnc 


r 


19189^0 


6206-7 




(6206-7) 


6sd 




19204& 


6200-7 




(6200-7) 


6sd 




19223J 


6192-6 


5192-5 


(6192-6) 


lOsc 


r 


19263»<T 


6188-6 


6187-6 




8sd 




19268J 
192710 


5185-3 




(5185-3) 


6sd 




19280ft 


5173-2 




(6173-2) 


8sc 




19325» 


6163'5 




(5153-5) 


6sd 




19399ft 


6161-4 




(5151-4) 


8sc 




19407ft 


6147-2 




(6147-2) 


68d 




19422ft 


6144-7 




(6144-7) 


6sd 




19432ft 


6128-7 


5128-7 


(5128-7) 


lOsc 


r 


19492ft(? 


6126-7 






4sd 




19600ft 


6120-0 


51200 




lOsc 




19526ft<; 


61131 




(6113-1) 


8sd 




19662ft 


6108-7 




(5108-7) 


4sd 




19669ft 


6102-5 




(6102-5) 


4sd 




19692ft 


6086-6 




(5086-6) 


8nd 




19664ft 


6076-6 




(5076-6) 


4nd 




19692ft 


6071-9 




(5071-9) 


4nd 




19711ft 


5066-6 




(5065-6) 


4sd 




19735ft 


6064-6 


5064-2 


(5064-6) 


lOso 


r 


19740&C 


6061-4 




(5061-4) 


6sd 




19752ft 


6062-4 






6sd 




19787ft 


6043-6 




(6043-5) 


6sd 




19822ft 


6039-3 


5039-3 


(5039-3) 


8sd 


r 


19838fto 


5038-1 


5038-1 


(6038-1) 


8sd 


r 


19843ftc 


5036-7 


♦6035-7 


(6035-7) 


lOsc 


r 


19852fto 


6024-9 






68d 




19895ft 


6023-9 






6sd 




19899ft 


6021-3 




(6021-5) 


6sd 




19909ft 


6019-5 


5019-5 




8sd 




19916ftc 


6015-4 


5016-7 


(5015-4) 


8sd 




19932fto 


5013-4 


5013-7 


(5013-4) 


lOso 


r 


19940ftc 


5012-3 




(6012-3) 


4sd 




19946ft 


5006-7 


5006-6 


(6006 7) 


lOsc 


r 


19967ftc 


5001-1 




(60011) 


4sd 




19990ft 


4998-9 


4998-7 


(4998-9) 


lOsc 


r 


19998fto 


4990-4 


4990-5 


(4990-4) 


lOsc 


r 


200S6bo 


4988-4 






6sd 




20040ft 


4981-1 


49811 


(4981-1) 


lOsc 


r 


20070fto 


4977-9 




(4977-9) 


6sd 




20083ft 


4975-3 




(4975-3) 


4sd 




20093a 


4972-3 




(4972-3) 


28d 




20106a 


4967-8 




(4967-8) 


2sd 




20124a 


4964-6 




(4964-6) 


28d 




20137a 


49471 




(49471) 


2sd 




20208a 


4937-3 




(4937-3) 


88C 




20248a 


4927-6 




(4927-6) 


8sc 




20288a 


4926-1 




(4926-1) 


4sd 




20300a 


4920-9 




(4920-9) 


6sd 




20316a 


49191 






6sd 




20323a 
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Titanium — eontinued. 



I. Spark Spectrum 


II. Arc Spectrum 


Intensity 
and Character 


Osc. Freq. 












Thfd^n 


ATi£^str5m 


Liveiog 
and Dewar 


I. 


II. 




b 


c 


d 








4913-3 




(4913-3) 


6sd 




20347a 


4911-4 




(4911-4) 


6sd 




20355a 


49040 






4sd 




20385a, 


4899-4 




(4899-4) 


8sc 




20404a 


4884-6 


4884-6 




lOsc 




20467a& 


4873-1 




(4873-1) 


4sd 




20616a 


4869-1 




(4868-5) 


8so 




20532a 


4867-6 






8sc 




20538a 


4865-1 




(4855-1) 


8sc 




20591a 


4848-1 




(4848-1) 


6sd 




20620a 


4840-1 




(4840-1) 


8sc 




20665a 


48361 






48d 




20676a 


4819-6 




(4819-6) 


8nc 




20743a 


4804-4 


4804-4 




lOso 




20808^»o 


4797-6 




(4797-6) 


4sd 




20838& 


4791-7 




(4791-7) 


8sc 




20863» 


4779-1 




(4779-1) 


6sd 




20918^ 


4758-6 


4758-6 




lOsc 




21008ft<7 


47571 


4767-1 




lOsc 




21016&O 


4741-9 


4741-9 




8sd 




210822^ 


4722-9 


4722-9 




8sd 




2n67bo 


47091 


4709-1 




8sd 




212295^ 


46981 


4698-1 




8sd 




21279*<? 


4690-7 


4690-7 


4690-5 


8sd 


r 


21SlSbod 


4681-6 


46810 


(4681-6) 


8sc 


r 


21354^0 


4666-6 


4666-6 


4666-5 


8sd 


r 


2U22bo 


4666-1 


46661 


4666-5 


lOnc 


r 


2U7lbcd 


46441 


46441 




4sd 




2l52ebo 


4638-9 


4638-9 




lOnc 




21550bo 


46291 


4629-1 




6sd 




21596*0 


4623-1 


4623-1 




8sd 




2162^bo 


4616-8 


4616-8 


(4616-8) 


8sc 


r 


2] 65^bo 


4571-6 


4571-6 




lOnc 




2lS67bo 


4563-3 


4563-3 




8sd 




21907ft(J 


4666-4 


4555-4 




6sd 




2id50bo 


4551-9 


4561-9 




6sd 




21962*0 


4549-0 


45490 




lOnc 




21976*0 


4543-6 


4543-6 




6sd 




22002*0 


4535-6 1 
4532-1 ; 


4635-6 > 
4632-1 i 


4533-2 


lOnc 


r 


22041*0 


4631-7 




r 


22059*0 


4526-2 


4526-2 




lOsd 




22087*0 


4522-0 
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Titanium — continued. 
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Tit A.NinM — continued. 
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Thal6n, • Nova Acta Soc. Upsal.' (IH.) vi. 1868. 
Lockyer, * Phil. Trans.' dxxiii. 561 (1881). 
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Lockyer has observed the following lines in the arc spectrum of Tungsten between 
wave-lengths 3900 and 4000 :— 3982*4, 3979-8, 3978-3, 39639, 39542, 3952*1, 3934-0. 



TJeanium. 

Thal6n, 'Nova Acta Soc. Upsal.' (III.) vi. 1868. 

Lockyer, *Proc. Hoy. Soc' xxvii. 280; 'Phil. Trans.' clxxiii. 661 (1881). 
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Uranium — canHnusd. 
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Lockyer has observed the following lines in the arc spectrum of Uranium between 
wave-lengths 3900 and 4000 :— 3997*8, 3996-6, 3996-3, 39942, 39936, 3993*1, 3991*9, 
3988-2, 39861, 3983*4, 3983*0, 3979*9, 3978*1, 3977-2,39760, 3974*2, 39732, 39712, 3970*7, 
3969-5, 3965*6, 39617, 39682, 3954*2, 3963*6, 39626, 3951-9, 39613, 3950-4, 3947*4, 3942*7, 
3941-8, 3941-5, 3939*3, 3934*3, 3931*0, 39297, 39270,3926-8, 3925-2, 39220, 3920*5, 3920*2, 
3916-7, 3916*9, 3915*2, 3914*3, 3913*6, 3911*0, 3910*6, 3908*2, 3907*8, 3906*0, 39037, 3901*8, 
3901*6, 
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Vanadium — eontinued. 
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Lockyer has observed the following lines in the arc spectrum of Vanadium between 

wave-lengths 3900 and 4000 :— 3998-0, 39966, 3994-1, 39921, 39898, 39882, 39838, 39836, 

3979-7, 3978-7, 39783, 39768, 3974-5, 39725, 39712, 39670, 39627, 39509, 3949*4, 3947-6, 

3942-7, 3941-2, 3940-3, 3938-1, 39372, 3936-7, 3935-0, 39338, 39330, 39302, 39290, 39270, 

3924-4, 3923-7, 3921-6, 3919*6, 39136, 3912-2, 39116, 39005, 39102, 39092, 39062, 3901-6, 

3900-5. 

• * Several other very feeble rays between 4130 and 4085 * (Thaldn). 
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Yttbium. 

Bunsen, * Pogg. Ann.' civ. 366 ; * Phil. Mag.' (4) 1. 627. 

Thal^n, * Om Spektra Yttrium, Erbium, Didym och Lanthan.' Stockholm, 1874. 
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Zinc. 
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Lockyer, * Phil. Trans.' clxiii. 253, 639, 1873. 

Archives des Sciences. Geneve, II. July, 1879. 

Liveing and Dewar, * Proc. Roy. Soc' Nov. 27, 1879 ; * Phil. Trans.' clxxiv. 206 (1883). 

Hartley and Adeney, * Phil. Trans.' clxxv. 63 (1883). 
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2sd 




'20549ft 


*4809 1 


t4809-8C4) 


48101 


48090 


(4809-8) 




lOsc 


r 


20785ft 


♦4722 


t|4721-5W 


14721-4 


4720-6 


(4721-4) 




lOsc 


r 


21173ft 


♦4679 1 

1 


tl|4679-6W 


14679-8 


4678-5 


not seen 


» 


lOsc 




21363ft 


Hartley 


1 

1 

1 
1 


< 


indAdeney 
3813-5 
3811-5 
3767-5 
3720-6 
3713-5 
3704-5 
36940 
36830 




• 




Isd 
Isd 
2sd 
4sd 
Isd 
4sd 
4sd 
4sd 




26216c 
26229c 
26606c 
26870c 
26921c 
26986c 
27063c 
27144c 
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Zinc — continued. 



I. Spark Spectrum 


. II. Arc Spectrum 


Intensity 
and Character 


1 

Osc. Freq. 


Hartley and Adeney 


Liveing and Dewar 


Comu 


I. 


c 


e 


/ 




3668-0 






4sd 


27265c 


3645-4 






2sd 


27424c 


3632-2 






4sd 


27518c 


3623-4 






4sd 


27590c 


3578-2 






2sd 


27938c 


3560-8 






2sd 


28076c 


3536-8 






Isd 


28266c 


3529-8 






2sd 


28321c 


3509-2 






Isd 


28488c 


3491-8 






28d 


28629c 


f 3344-4 


33420 




lOnc 


29900CC 


< 3301-7 


3301-0 




lOnc 


30383CC 


L3281-7 


32810 




8nc 


30466CC 


3255-8 






2sd 


30721c 


3238-7 






2sd 


30867c 


3234-6 






2sd 


30906c 


r 3075-6 






8sc 


32504c 


< 3071-7 


30700 




8sd 


32544ce 


L 3035-4 


30350 




8sd 


32937c 


3024-1 






2sd 


33058c 


3017-5 


3017-0 




4sd 


33134CC ! 


2996-7 






2sd 


33360c 


2959-6 






2sd 


33780c 


2886-4 






2sd 


34634c 


2856-3 




# 


2sd 


35000c 


r- 28001 


2800-0 




8nc 


35701CC 


2782-6 






Isd 


35927c 


<^ 2778-4 






2sd 


35980c 




2770-2 


2770-0 




8nc 


36088CC 




12764-5 


2756-0 




7nd 


36284CC 


2719-7 






2&d 


36758c 


2711-6 


2713-3 




2sc 


36857CC 


2683-8 


' 2684-0 
2670-5 




2sc 


37248CC 
37435c 


2667-0 






2sd 


37626c 


2607-6 


2608-5 




4sd 


38343CC 


2592-3 






Isd 


38564c i 


2589-3 






Isd 


38609c 


25851 






Isd 


38671c 


2581-4 


2582-0 




4sd 


38722CC 


2574-8 






4sd 


38826c 


2569-4 


2569-7 




4sd 


^ 38906c« 


2557-3 






lOnc 


39U91C 


/ 2536-0 
\ 2532-3 






2sd 


39436c 






2sd 


39477c 


2526-3 






8sd 


39571c 


2521-3 






8sd 


39650c 


2514-7 


26160 




8sd 


39738CC 


2508-7 






8sd 


39849c 


2501-6 




s 


lOnc 


39960c 


2497-0 






Isd 


40036c 


2496-6 






Isd 


40043c 


2490-4 


2491-6 




8nd 


40132CC 




2485-9 






.8nd 


40214c 
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Zinc — oowtinued. 



I. Spark Spectrum 


11. Arc Spectrum 


Intensity 
and Character 


Osc. Freq. 


Hartley and Adenev 


Liveing and Dewar 


Gomu 


T 


c 


c 


f 


X* 




2485-0 






4sd 


40228(7 


2483-7 






2sd 


40249(? 


2479-2 


2480-0 




2sd 


40316C5 


2472-2 






4sd 


40437c 


/ 2468-3 
\ 2465-9 






2sd 


40601c 


2464-6 




4sd 


40661CC 


f 2462-8 






2sd 


40591c 


< 2461-3 






4sd 


40616c 


L2459-8 






2sd 


40640c 


( 2450-0 






4sd 


40803c 


J 2441-6 


2440-0 


\ 


4sd 


40957CC 


1 2437-7 






4sd 


41009c 


12433-9 


2430-0 




2sd 


41073c 
41139c 


r2427-0 






8sd 


41190c 


1 2423-3 






4sd 


41262c 


1 2420-7 






2sd 


41297c 


L2418-8 






8sd 


41346c 


2408-4 






4sd 


41508c 


2406-3 






4sd 


41561c 


2401-9 






Isd 


41620c 


2398-7 






Isd 


41675c 


2396-4 






Isd 


41715c 


2393-3 






Isd 


41769c 


2390-1 






Isc 


41825c 


2384-2 






Isd 


41929c 


2382-8 






Isd 


41963c 


2371-7 






Isd 


42150c 


2367-8 


. 




Isd 


42219c 


r 2348-7 






4sd 


42562c 


\ 2346-7 






Isd 


42600c 


2329-3 






Isd 


^42918c 


2315-0 






4sd 


43183c 


2308-8 






4sd 


43299c 


22670 






2sd 


44093c 


2255-0 






2sd 


44332c 


2138-6 




2138-6 


4nc 


46746c/ 




2104-2 






2sd 


47508c 




21020 






2sd 


47658c 


• 


20990 




2098-8 


Inc 


47628c/ 




. 20&5-9 






2sd 


47696c 


2086-4 






2nd 


47936c 


2077-6 






Isc 


48119c 


2068-4 






Isd 


48330c 


/ 2062-8 
1 2060-8 




2063-4 


Ind 


48454c/ 




2061-0 


Inc 


48606c/ 


2024-2 




2024-3 


Inc 


49384 



* Observed also by Lecoq de Boisbaudran in the Spark Spectrum of Zinc Chloride solution, who has also 
noted Unes at 5184 and 4630. 

t Observed also by Lockyer. The * indices ' attached to these numbers denote the comparative ' lengths ' 
of the lines as given by Lockyer. 

X ' Could not be identified,* Lockyer. § 6739 G. Johnstone Stoney. 



II Observed also in the Arc by Angstrom. 



If 4725-0 and 4680-0, Hartley and Adeney. 
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Zirconium. 

Thal6n, *Nova Acta Soc. Upsal.' (III.) vi. (1868). 
Lockyer, *Phil. Trans.* clxxiii. 561 (1881). 



I. Spark Spectrum 


II. Arc Spectnun 


Intensity and Character 


Osc. Freq. 


Thal^n 
a 


Ix)ckyer 
6 


I. 


II. 


6343-8 




6sd 




15759a 


6310-3 




6sd 




16842a 


6140-7 




lOsc 




16280a 


6132-7 




6sd 




16301a 


6127-2 




lOsc 




16316a 


6384-6 




4sd 




18666a 


6349-6 




6sd 




18687a 


5190-7 




6sd 




19260a 


48161 




lOsc 




20762a 


4771-1 




lOsc 




20953a 


4738-6 




lOsc 




21097a 


4709-6 




lOsc 




21227a 


4686-6 




lOsc 




21331a 


4497-6 




4sd 




22228a 


4494-6 




4sd 




22242a 


4443-1 




4sd 




22500a ' 


4380-1 




4sd 




22824a > 


4370-0 




4sd 




22876a 


4360-0 




4sd 




22928a 


4242-0 




4sd 




23567a 


4241-6 




4sd 




23569a 


4228-5 




4sd 




23642a 


4209-5 




4sd 




23748a 


4209-0 




4sd 




23751a 


4156-0 




8sc 




24060a 


4149-0 


3998-5 
3990-4 
3989-0 
3988-2 
3984-1 
3980-6 
3978-1 
3976-8 
3974-5 
3972-7 
3971-6 
3966-7 
3962-8 
3957-2 
3940-7 
39350 
3933-8 
3933-0 
3928-6 
3920-8 
3915-9 
3915-2 
3906-0 


8sc 




2409oa 

250026 

250636 

260616 

250636 

250926 

251146 

251306 

251386 

251536 

251646 

251726 

252096 

262276 

252636 

263686 

254056 

254136 

254476 

264976 1 

255296 1 

255346 ' 

266966 

256336 




3900-0 









WAVE-LENGTH TABLES OF THE SPECTRA OF 

COMPOUNDS. 



Ammonia. 



Dibbits, 'De Spectraal Analyse,' 1863. 
Mitscherlich, * Ann. Chim. Phys.' Ixix. 169, 1868. 
Hofmann, * Fogg, Ann.* xxvii. 92 (1872). 
Lecoq de Boisbaudran, * Compt. Bend.* ci. 43. 



Flame Spectrum 


Intensity 

and 
Character 


Osc. Freq. 


Flame Spectrum 


Intensity 

and 
Character 


Osc. Freq. 


Dibbits 
a 


Lecoq de 
Boiabaudran 

ft 


Dibbits 
a 


Lecoq de 
Boisbaudran 

ft 


(1) 6629 

r6629 

"\6542 

C» 6420 

3 6302 

r6227 

y< 6186 

16117 

8 6036 

/6982 

* \ 5970 

0) 5834 


f 6325 
^ \6293 

1} 6180 

' P . r6046 
** \6008 

C 6964 


Ib^ 
5s 
6s 
lb„ 

6b, 

2n 

6n 

2n 

7n 

6n 

6s 

6n 

lb„ 


15081a 

15081a 

15281a 

15572a 

15806ft 

15886ft 

16054a 

16170aft 

16343a 

16538ft 

16640ft 

16712a 

16754aft 

17136a- 


^r5807 

^ \ 5754 

V 5705 

r5664 

(4) \ 5617 

(4) 5466 

5382 

C») 5330 

» *5284 

(7) 5158 
K 5128 
\ 6079 

(8) 4997 
M 4782 


a 6702 
9 6470 
c 6262 


3s 
3s 

8n 
6s 
2b^ 

8s 

6b' 

8b,' 

8b' 

7b' 

4b,' 

7b/ 

4b„' 


17216a 

17374a 

17528aft 

17650a 

17798a 

18283aft 

18575a 

18756a 

18923aft 

19382a 

19495a 

19683a 

20006a 

20906 



• Doable. 



The spark spectrum of ammonia, according to Lecoq de Boisbaudran, shows one broad 
band at 5667 (6666'5 Schuster) which, with a finer slit, is resolved into two bands, 6681 
of intensity 7, and 6643 of intensity 8 (6686 to 5627 Schuster). Lecoq de Boisbaudran ob- 
tained the * Flame Spectrum ' also by use of the spark ; its production appears to depend 
upon the presence of oxygen. 



M 
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Aluminium Oxide. 

Wullner, • Festschrift Bonn; 1868. 

Lecoq de Boisbaudran, ' Spectres Luminenz/ Paris, 1874. 

Thal6n, * Upsala Univereitets Arsskrift/ 1866. 
Lockyer, * Phil. Trans/ dbriu. 658. 



Leooq de Boisbaudran 
a 


Thal^Q 
b 


Lockyer 
e 


Intensity and 
Character 


Osc. Fieq. 




'6457 




6438-6 
6428-6 


3& 


18320a 
183820 
184160 








6417-6 


b 


184530 


y 


5408 


,6409-8 


6408 


l8 


18484^^0 




5391 




5396-4 


6397 


28 


18532ad0 




6373 




5377-8 




38 


18598a» 




5354 




5357-4 




48 


18666^6 




6331 




5333-6 




4s 


18748ad 




'6190 


^6186-8 


6191 


Is 


19265aA0 




6175 




6180*6 


2s 


1930800 




6161 




6160-4 


6166 


6b 


19365a»0 


fi. 


6146 


m 


6141-4 


/ 5164-6 
\ 5139-6 


6b 


19433a»0 




6124 




6123-8 


6121 


8b 


19514oft0 




6103 




6102-2 


6100-6 


9b 


I9595abe 




16080 




16076-4 


6080 


9b 


196850^0 






4930-6 




202760 


r489l 


r 4890-2 


4901 


3b 


204280^10 
20538a«r 


a< 4871 


< 4864-2 




8b 


L4846 


L 4839-0 


4739-5 


10b 


20646^^ 
210930 


r4719 


/4711-2 


4714-5 


In 


212O3O&0 


^ 4698 


46900 


4694-6 


3n 


213Olad0 


^ 4676 


■ 4670-6 


4673 


4b 


21394O&0 


4652 


4649-0 


4646 


6b 


215O5ad0 


.4667 






In 


21890a 




4544 






In 


22000a 




4522 






In 


22108a 




4500 






2n 


22216a 


14478 






In 


22325a 
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Barium Gploride. 

Mitacherlich, « Ann. Chim. Phys/ (3) Ixix. 169, 1868. 
Lecoq de Boisbaudran, * Spectres Lnmineuz,* Paris, 1874. 



Flame Spectrum 


Intensity 
and Character 


OscFreq. 


Lecoq de Boisbaudran 
a 


Mitscherlich 
h 


7 6313 
a 5242 

'\5171 
/3 5136 
f 5064 


5814 
5246 
5209 
5177 
5144 
6112 
5076 


8b, 

10b, 

3n 

4n 

9b, 

3n 


18816a 
19071a 
19207a 
19333a 
19465a 
19741a 
196952) 



Barium Bromide. 

Mitscherlich, 'Ann. Ohim. Phys.' (3) Ixix. 169. 1868. 
Lecoq de Boisbaudran, 'Spectres Lumineux,* Parib, 1874. 



Flame Spectrum 


Intensity 
and Character 


Oac. Freq, 


Lecoq de Boisbaudran 
a 


Mitscherlich 
h 


7 5410 
a 6358 
.f5304 
^5249 
3 5206 
« 5149 
5102 


5393 
535C 
5312 
5259 
5217 
6179 


8b, 
9b, 
6b| 
6b, 
9b, 
4b, 
2b, 


18479a 
18658a 
1884M 
19045a 
19203a 
19415a 
19594a 



Barium Iodide. 

Mitscherlich, * Ann. Chim. Phys.' (3) Ixix. 169, 1868. 
Lecoq de Boisbaudran, ' Spectres Lumineux,' Paris, 1874. 



Flame Spectrum 



Mitscherlich 



5599 
5384 



Lecoq de Boisbaudran 
b 



a 5607 
/3 5376 



Intensity 
and Character 



9b, 
9b, 



Osc. Freq. 



17829J 
18596^ 



M2 
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Barium Oxidb. 

Lecoq de Boisbaadran, * Spectres Luminenx/ Paria, 1874. 



Flame Speotrum 



Lecoq de Boisbaodran 



/9 



6819 
.6499 
6448 
6297 
r6239 
J 6L78 
6108 
6031 
6995 
5938 
6867 
6824 



I 

{ 



Intensity 
and Character 



In 
6b,' 
2n 
8n 
4b 
6b 
8b 
'9b' 
2q 
lb 
9b' 
6b4 



08C. Freq. 



14661 
15382 
15504 
15876 
16024 
16184 
16367 
16576 
1G676 
16836 
17040 
17165 



Flame Spectrum 



Lecoq de Boisbaudran 



{6768 
5719 
6647 
5613 
[o »6536 

8 5492 
5461 

c 5346 

9 5215 
I 5089 

5019 

4974 

K 4873 

4794 



Intensity 
and Character 


OscFreq 


4b, 


17332 


8b, 


17480 


8b' 


17703 


2n 


17810 


9s] 


18058 


9b/ 


18203 


In 


18306 


8b/ 


18700 


8b/ 


19170 


7b/ 


19644 


2b, 


19918 


2b, 


20098 


6b» 


20515 


lb. 


20853 



* Due to the nwtiaU itaelf. 



Bismuth Chloride. 

Mitscheriich, 'Ann. Chim. Phys.' (3) Ixix. 169, 1868. 



Mitscherlich 


Intensity 


Osc Freq. 


Mitscheriich 


Intensity 


Osc. Freq. 


6582 


1 


15189 


5717 


6 


17486 


6499 


1 


15382 


5681 


6 


17597 


6472 


2 


15447 


5650 


5 


17694 


6406 


2 


15606 


5625 


5 


17772 


6359 


2 


15721 


5593 


5 


17874 


6312 


2 


16838 


5627 


4 


18088 


6270 


3 


15944 


5494 


4 


18196 


6226 


3 


16057 


5459 


4 


18313 


6182 


3 


16171 


5428 


4 


18418 


6140 


3 


16282 


5398 


3 


18520 


6095 


4 


16402 


5370 


3 


18616 


6050 


4 


16524 


5320 


3 


18791 


6018 


4 


16612 


5286 


3 


18912 


5976 


4 


16729 


5232 


3 


19108 


5932 


5 


16853 


5207 


3 


19199 


5886 


5 


16985 


5184 


2 


19284 


5834 


6 


17136 


5156 


2 


19389 


6796 


6 


17251 


5139 


2 


19453 


5756 


6 


17368 


6109 


1 


19568 
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Bismuth Oxide. 

Mitscherlich, * Ann. Chim. Phys/ (3) Ixix. 169 1868. 



Mitscherlich 


Intensity 


Osc Freq. 


Mitscherlich 


Intensity 


Osc. Freq. 


6382 


b' 


15664 


6582 


b' 


17910 


6194 


b^ 


16140 


5444 


b' 


18363 


6039 


b' 


16554 


5328 


b' 


18763 


5873 


b' 


17022 


6220 


b' 


19150 


5717 


b' 


17486 









Boson Trioxide. 

Thal6n, ITpsala * Universitets Arsskrift,* 1866. 

Lecoq de Boisbaudran, * Spectres Luminenz/ Paris, 1874. 



Flame Spectrum 


Intensity 
and Character 


Osc Freq. 


Thal^n 
a 


Lecoq de Boisbaudran 
b 


Salet 

e 


6781 

5473 

5188 
4967 


6397 

6210 

6031 

5 5807 

^/6480 

"15489 

/3 5192 

7 4941 

€ 4721 

4529 


640O 
6210 
6030 
5800 
5480 

5200 
4910 
4700 
4640 


8b, 

4b, 

3b, 

7b. 

9n 

2b, 

8b. 

7b, 

6b, 

3b. . 


156285 
160985 
165765 
172165 
182435 
183805 
192555 
202325 
211805 
22072 



Calcium Chloride. 

Mitscherlich, ' Ann. Chim. Phys.* (3) Ixix. 169, 1868. 
Lecoq de Boisbaudran, * Spectres Lmnineux,' Paris, 1874. 



Flame Spectrum 


Intensity 
and Character 


Osc Freq. 


Flame Spectrum 


Intensity 
and Character 


Osc. Freq. 


Lecoq de 
Boisbaudran 


Lecoq de 
Boisbaudran 


6442 
/6348 

* \ 6320 

71 6265 
{6202 

*• i 6181 
r6068 

^\6044 


5b. 
2n 
2n 
9n 

lOs 

10s 
7s. 
6s 


15519 
15748 
15818 
15957 
16119 
16174 
16479 
16540 


/3 5933 

f 5817 

5728 

♦jt/5543 

^15517 

[t4226 


9b,' 

5n 

2n 

6b/ 

4b,' 

3s] 


16850 
17186 
17453 
18035 
18121 
23656 



* Probably due to the oxide. 



t Due to the metal. 
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Calcium Bromide. 

Mitscherlich, ' Ann. Chim. Phys.' (3) Ixix. 169, 1868. 



Mitscherlich 


Intensity and Character 


Osc Freq. 


6266 
6242 
6102 


6s 
6s 
4s 


15955 
16016 
16383 



Calcium Fluobidb. 

Mitscherlich, « Ann. Chim. Phys.' (3) Ixix. 169, 1868. 



Mitscherlich 


Inienmty and Character 


Osc. Freq. 


6060 
6026 
6328 
5301 


4r 

48 

6n 
5n 


16497 
16590 
18763 
18859 



Calcium Iodide. 

MitscherUch, ' Ann. Chim. Phys.' (3) hdx. 169, 1868. 



Mitscherlich 


Intensity and Character 


Osc. Freq. 


6270 
6252 
6177 


68 

6a 
4s 


15944 
15990 
16184 



Calcium Oxide. 

Lecoq de Boisbaudran, « Spectres Lumineux,* Paris, 1874, 



Lecoq de Boisbaudran 



a 6220 
Z 5996 
^/5643 
a 16617 



Intensity and Character 



12 



4b 
3bj 
6b3' 
4b/ 



Osc. Freq. 



16073 
16676 
18036 
18120 



Carbon Hydride (see Carbon). 

Angstrom and ThaWn, « Nova Acta Reg. Soc. Upsal.' ix. 1875. 

Piazzi-Smyth, < PhU. Mag.' (4) xlix. 24, 1876 ; (5) viii. 107 (1879). 

Watts, 'Phil. Mag.' (4) xlix. 104 ; *Natnre,' xxlii. 197, 266, 361. 

Attfield, ' Phil. Mag.' (4) xlix. 106. 

Liveing and Dewaj, • Proc. Roy. Soc.' xxx. 152, 490, 494 (1880) j Xxxiii. 403 ; xxxiv. 123, 

418 (1882) ; 'Nature,' xxii. 620 ; xxili. 265, 338 : xxv. 645. 
Lockyer, * Proc. Roy. Soc' xxx. 335, 461 (1881). 
Wiillner, • Wied. Ann.' N.F. xiv. 355, 363/ 
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Dibbits 


Thai^ 


Watts 


PlUcker and 
Hittorf 


Liveing 
and Dewar 


Lockyer 


Intensity 
and 


OscFuq. 


a 


ft 


c 


d 


e 


/ 


Character 




0)7080 


7102 




6800 






2b, 


14702rf 


W6906 


6938 




6700 






8b' 


14921^ 


W6657 


6670 




6495*4 






7b' 


WSdld 


(*>6486 


6477 




6426*7 






6b' 


15556^ 


W6334 


6344 




6312-3 






6b' 


15837^2 


C«)6193 


6200 




6206-2 






6b' 


16108^ 


(^6010 


6022 










4b' 


16617^6 


(8)5892 


5888 










4b' 


1697Sab 


W6750 


5746 
5632 
5498 
5389 
6246 










4b' 
3b' 
2b' 

2b' 
lb' 


l7S92ab 

17750ft 

18183ft 

18551ft 

19060ft 


/4609 


4607 


4600 


(4600) 


4600 




10b' 


21713aftiMr 


4583 


4582 


4574 


4671-6 


4574 




10b' 


2lM%ibede 


4559 


4648 


4550 


4548*5 


4550 




9b' 


2l^^^hede 


(^ 


4537 


4526 


4534 


4526-1 


4632 




9b' 


22O0Sabcde 




4521 


4506 


4514 


4508*2 


4515 




8b' 


2215Sabcde 




4508 




4506 


4495-3 


4606 




7b' 


22l99acde 


V4500 




4602 


4490-8 


4500 
»438I-6 




6b' 


22224acds 








4377-0 






22816d 








43671 


M371-6 






228690 








4361-3 


*4364*5 


. 




229060 




r4208t 


4215*0 


4220 


(4216-6) 


4218 


4216*6 
4210-0 
4199-9 


10b' 


23716ft/ 

23746/ 

23803/ 




4188t 


41970 


4210 


4199-6 


4206 


4197-2 
4191-0 
4187-4 
4186-5 


10b« 


23819ft/ 
23863/ 
23874/ 
23879/ 


e- 












4186-4 
41844 
4183*5 
4182*6 
4182*2 




2SSSqf 
23891/ 
23896/ 
23901/ 
28903/ 




4171t 


4180-5 


41M 


4183^3 


4192 


4180-4 


9b' 


23914ft/ 














4178*7 




23924/ 



• * Probably not 
t Observed also 



connected with the presence of nitrogen.*— LiVEDfa A Dbwab, ' Proo. Roy. Soc.* No. S33, 18S9. 

by Mitpchorlich : 4212, 4197, 4182, 4170, 4159, 4147, 4136, 3869, 3^17. 3839. 
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Cabbom Nitbide — continued. 
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Plttckerand 
Hittorf 
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h 


c 


d 
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4177-8 




23929/ 














4176-6 




23936/ 




41661 


4176-0 


4174 


4166-6 


4176 


4176-8 
4174-4 
4173-5 
4172-6 
4171-4 
4169-7 
4168-8 
4168-1 




23941?^ 

23949/ 

23954/ 

23959/ 

23965/ 

23976/ 

23981/ 

23985/ 




4147t 


4167-3 


4166 


4156-1 


4165 


4167-2 


eb' 


23990*/ 




4142t 




4160 


4160-2 


4168 


4167-5 


sy 


24046/ 




k 




4168 






4151*5 


7b' 


24081/ 
24124/ 


»■ 




Deslandres 




4144*1 






''3854t 






38831 


3882-7 


3882-8 

f 
3870-6 

? 
3867-1 


10b» 


25747^ 




3839t 






3871-4 


3871 


Sb' 


26828/ 
















25851/ 














3866-4 




25856/ 














3866-4 




26862/ 














3864-8 




25867/ 


_ I 










3863-9 




25873/ 


*\ 










3863-1 




25878/ 














3862-2 




25880/ 




3827t 






3862-1 


3862 


3861-6 
3860-8 
3859-8 
3859-2 

3868'3 
3868-0 


Sb' 


25888/ 
25893/ 
25900/ 
25904/ 
25910/ 
25912/ 


V3816 






3864-7 


3854-5 


3857-6 
3856-6 
3866-0 
3855-4 


7b' 


25915/ 
25921/ 
26926/ 
25929/ 


\ 






3860-9 


3850 




6^ 


25960^ 








3590'ar 


3589 




10b' 


27844^ 








3586-8 


3583 




^\f 


27879<« 








3360-1 


3860 

t2718 

&c. 

t2688 




10b' 
b' 

b' 


297524 
36781^ 

38628^ 










t2479 
&c. 

{2373 
tc. 




b' 
b' 


40327^ 
421286 



t Obflerred also by Mitacherlich : 4212, 4197, 4182, 4170, 4169, 4147, 4136, 3859, 3847, 3839. 
X * Probably due to nitrogen.'— Liveing and Dbwab, *Proc. Boy. Soc.' No. 233, 1883. 
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Caebon Oxide. 

Hiicker, * Pogg. Ann.' cv. 77 (1858) ; cvii. p. 633 (1859). 

Wiillner, * Pogg. Ann.' cxliv. p. 481 (1872). 

Angstrom, * Pogg. Ann.' xciv. 141. 

Watts, * Phil. Mag.' xxxviii. 249 (1869) ; xli. 12. 

Angstrom and Thal6n, * Nov. Act. Ups.' ix. 1876, 

Wesendonck, *Wied. Ann.' N.F. xvii. 427 (1881). 

Thollon, * Ann. Chim. Phys.' (5) xxv. 287 (1881). 

Piazzi-Smyth, « Phil. Trans. Edin.' xxx.; * Phil. Mag.* xlix. p. 24. 

A. S. Herscbell, ib. xxx. 152. 

Deslandres, 'Ann. Chim. Phys.* (6) xiv. 5 (1888). 



Watts 


Angstrdm and 


Piazzi-Smyth and 
Herscnell 


Intensity 




Thal^n 


and 


Osc Freq. 




« 




Character 




a 


b 


e 




• 




6853 




lb 


14588J 




6748 




lb 


14815& 




66220 




'3b' 


15097J 




6462 




lb 


154715 


6060 


6078-0 




4b' 


164485 




6900 




lb 


169445 




6817-0 




3b' 


171865 




6689 




lb 


175735 


6610-6 


6607-6 


6612-0 


6b' 


17820fl:5o 






5608-8 


6b 


178230 


• 




6607-0 


6b 


178290 






6605-5 


6b 


178340 




Fine lines too close 


5603-9 


4b 


178390 




to measure 


6602-0 


4b 


178450 






5697-9 


4b 


178580 






5595-9 


4b 


178650 




6591-8 


5593-4 


3b 


178730 




5688-3 


5590-8 


3b 


178810 




6585-5 


6587-6 


3b 


178920 




6582-5 


5584-5 


3b 


179020 




6578-5 


6580-6 


2b 


179140 




6574-0 


6577-2 


2b 


179250 




6570-5 


6573-0 


2b 


179380 




5566-5 


5568-6 


2b 


179530 




6562-2 


6663-9 


lb 


179670 




6557-6 


65590 
5553-9 
5548-4 
6642-6 
5536-7 
5530-8 
5524-4 
5518-6 
5511-6 
6505-4 


lb 


179840 
180000 
180180 
180370 
180560 
180750 
180960 
181160 
181380 
181590 






5498-2 
5490-9 
5483-? 
. 5476-7 
6467-9 
5461-4 ? 
54540 ? 




181820 
182070 
182320 
182570 
182840 
183060 
183300 




6449 


6444 ? 


lb 


183470 
183635 




5397-6 




3b' 


186225 
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Carbon OxiBE—oontinued. 



Watts 


Anf^trom and 
Thal<<n 


Piaszi-Smyth and 
Herscnell 


Intensity 
and 


Osc. Freq. 


a 


b 


c 


Character 






6370 




IV 


18616^ 




6266 




lb 


18988^ 








r 6198 -7 


4V 


192300^ 

192330 ^9233^- 
I92360J 


6198*4 


6197-0 




6198*2 
6197*7 


6b'] 

eb* 








16197-2 


4b' 






6196-3 


2 


192390 






6196-7 


6 


192410 




Fine lines too close 


61960 


6 


192440 




to measure 


6194-2 


2 


192470 






61931 


2 


192610 






6192*3 


2 


192540 






6191-8 


2 


192660. 






6191-2 


2 


192580 






/ 6190-5 
\ 51900 


4 


192600 






4 


192620 






/ 5188-8 
\ 5188-7 


6 


192670 






6 


192670 




6186-6 


5186-9 


12 


19275J0 




6183-6 


f 5184*9 
t 5184-3 


6 
6 


192810 
192830 




6181-6 


/ 5182*6 


6 


192900 




M^ ^ ^/ jb ^^ 


\ 5181-7 


6 


192930 




6178-6 


/ 5180*1 
1 5179-2 


5 
5 


192990 
193030 




6176*0 


/5177-1 
\ 5176*4 


6 
5 


193100 
193130 




6172-6 


/ 6174-1 
\ 5173*0 


6 
5 


193220 
193260 




6169* 


5 5170-9 
I 5169-6 


6 


193330 




^x\#t» 


6 


193380 




6166*2 


6167-6 


5 


193460 






/ 5166-7 


2 


193490 






5165*9 


2 


193520 






- 5166-5 


2 


193540 






5165-2 


2 


193560 






V 5164-6 


2 


193670 




6162-0 






193676 




6016-0 




lb' 


199346 


4836*6 


4833-6 

Fine lines too close 

to measure 


4836*6 


eb* 


%OQ74abo 




4822-6 




4b 


207306 




4820-3 




4b 


20740& 




4818*1 




4b 


207496 




4816-0 




4b 


207686 




4813-6 




3b 


207696 




4811-0 




3b 


207806 




4808-6 




3b 


207906 




4806-7 




8b 


208036 




4802*8 




2b 


208166 




4799-4 




2b 


208296 




47960 




2b 


208466 




4792-6 




lb 


208606 




/ 4788-8 
14786-6 




r4b 
\4b 


208766 






1 


208906 
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Gabbon Oxide — contmued. 



Watts 


Angstrom and 


Piazzi-Smvth and 


Intensity 




Thal^n 


Hersc'hell 


and 


Osc. Freq. 




•m 




Character 




a 


h 


c 








4780-6 




lb 


209126 




4776-4 




lb 


20930ft 




4772-2 




lb 


20948ft 




r 4767-8 




/2b 
\2b 


20968ft 


\ 


1. 4762-8 




20990ft 




4767-7 




lb 


21012ft 




5 4753-0 
I 4748-0 




3b 


21033ft 






3b 


21065ft 




4697-0 




2b' 


21284ft 




4630 




lb' 


21592ft 




4568 




lb 


21886ft 


4605 


46090 


4516-9 


6b' 


22166«ftc 


4395 


♦4394-0 


4393-0 


4b' 


22752«ftc 




4292 




lb 


23292ft 




4209-0 




lb 


23761ft 




4131-0 




3b' 


24200ft 



* 'At the negative pole this band appears slightly displaced towards the blue— and of equal intensity 
throughout— not sharp towards the red.*— Schubtsu. 

Chkomium Chloride. 

Lecoq de Boisbaudran^ * Spectres Lamineux,* Paris, 1874. 



Spark Spectrum 


Intensity 
and Character 


Osc. Freq. 


Spark Spectrum 


Intensity 
and Chai-acter 


Osc. Freq. 


Lecoq de 
Boisbaudran 


Lecoq de 
Boisbaudran 


6393 
6048 
6790 
6622 


3bj 

3b,' 
2b.' 


15637 
16529 
17266 

17782 


6566 
*4649 

4843 

1 


3bJ 

2n 

lb. 


17961 
21504 
23018 



• Double. 



Copper Chloride. 

Deacon, * Ann. Chim. Phys.* (4) vi. 1. 

Mitscherlich, * Ann. Chim. Phys.' Ixix. 169 (1863). 

Leeds, * Quart. Joum. Science,' Jan. 1871. 

Lecoq de Boisbaudran, * Spectres Lumineuz/ Paris, 1874. 



i^'lame Spectrum 


Intensity 
and Character 


Osc Freq. 


Flame Spectrum 


Intensity 
and Character 


Osc Freq. 


Lecoq de 
Boisbaudran 


Lecoq de 
Boisbaudran 


f 

{ 


6618 
6267 
f6150 
6143 
6060 
[6041 
6807 
6780 
6728 


6b. 

8b,.' 

9b,' 

2s 

9b,' 

Is 

In 

2s 

5n 


15106 
15952 
16255 
16274 
16524 
16549 
17216 
17296 
17463 1 


o- 


6670 
6629 
5563 
r6606 
5489 
5463 
5439 
6422 
6406 


4n 
4n 
7b, 
10a 
8n 
6n 
9s 
2s 
4s 


17631 
17760 
17971 
18157 
18213 
18300 
18380 
18438 
18496 
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COPPBB Cblobidk — eonHnued. 



Flame Spectrnm 


Intensity 
and Character 


Osc Freq. 


Flame Spectrum 


Intensity 
and Character 


Osc. Freq. 


Lecoq de 
Boisbaudran 


Lecoq de 
Boisbaudran 


L5385 

5355 

i 5305 

i8 t5260 

5239 

5210 

5148 

^r5087 

*X5049 

/4983 

*\4945 

*/4882 

%4847 

. /4792 

^\4757 


lOn 

4n 

«b 

9b/ 

7n 

2b, 
6b' 
7b' 
8b' 
9b/ 
8b/ 
9b/ 
9b/ 
7b/ 
5b/ 


18565 
18668 
18844 
19006 
19082 
19188 
19419 
19652 
19798 
20062 
20216 
20478 
20625 
20862 
21015 


4704 

4674 

4612 

4579 

A /4522 

''»\4496 

/4436 

y^ 1 4412 

/4353 

'y«\4331 

A r4281 

*'«\4260 

4217 

4192 

4125 


2b/ 

2b, 

2b/ 

6b/ 

8b/ 

8b/ 

9b/ 

9b/ 

9b/ 

8b/ 

7b/ 

6b/ 

3b/ 

lb/ 

lb' 


21252 
21389 
21676 
21832 
22107 
22236 
22536 
22658 
22966 
23083 
23352 
23467 
23706 
23848 
24230 



t Becoming 5269 - b. 



Copper Bromide. 

Diacon, • Ann. Chim. Phys.* (4) vi. 1. 

Mitscherlich, 'Ann. Chim. Pbys.* Ixix. 169 ; « Phil. Mag.' xxviii. 169. 



Mitscherlich 


Intensity and 
Character 


Osc. Freq. 


Mitscherlich 


Intensity and 
Character 


Osc Freq. 


5215 
5124 
5033 
4949 
4872 
4823 
4619 
4593 


b' 
b' 
b' 
b' 
b' 
b' 
b' 
b' 


19170 
19610 
19863 
20200 
20520 
20728 
21643 
21766 


4537 
4515 
4462 
4447 
4405 
4384 
4340 
4320 


b' 
b' 
b' 
b' 
b' 
b' 
b' 
b' 


22034 
22142 
22405 
22480 
22695 
22803 
23035 
23141 



Copper Iodide. 

Mitscherlich, 'Ann. Chim. Phys.' (3) Ixix. 169 (1868); 'Phil. Mag/ xxviii. 169. 



Mitscherlich 


Intensity and 
Character 


Osc Freq. 


Mitscherlich 


Intensity and 
Character 


Osc. Freq. 


5393 
5314 
5232 
5144 




18537 
18813 
19107 
19434 


5073 

5018 

4959 

&c. 




19706 
19922 
20159 
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CoppxB Oxide. 

MitBcherllch, •Ann. Chim. Phys.' (3) Ixix. 169 (1868). 

Diacon, • Ann. Chim. Phys.* (4) vi. 1. 

Leeds, * Quart. Joum. Science/ Jan. 1871. 

Lecoq de Boisbaudran, * Spectres Luminenx/ Paris, 1874. 



Flame Spectrum 


Intensity and Character 


Osc Freq. 


Lecoq de Boisbaudran 


r5370 

< 5106 

L4946 


6b„ 
2b,, 
2b,. 


18616 
19579 
20212 



Cyanogen (see Carbon Nitride). 
Erbium Oxide. 

Bunsen, ' Pogg. Ann.* civ. 366 ; • Phil. Mag.* 1. 627. 

Lecoq de Boisbaudran, * Compt. Rend.* ixxvi. 1080 ; * Spectres Lumineux,* Paris, 1874. 

Crookes, * Proc. Roy. Soc* xl. 77. 



Flame Spectrum 


Intensity 

and 
Character 


Osc. Freq. 
b 


Flame Si)ectrnm 


Intensity 

and 
Character 


Osc. Freq. 
b 


Bunsen 
a 


Lecoq de 
Boist>audran 


Bunsen 
a 


Lecoq de' 

Boisbaudran 

b 


6519 
6404 


. r6609 

* t6546 

6492 

6404 

7 6631 

e 5514 

6413 

$ 5387 

6346 

5264 


7n 

8n 

3n 

lb, 

8b, 

4b,o 

2n 

9b2 

3b, 

4b, 


15126 
15272 
15399 
15611 
17753 
18130 
18134 
18558 
18700 
18991 


6230 
4867 


r6228 
"\6204 

6123 

6038 
V 4910 

4756 
€ 4648 

4568 
C 4600 


9bj 

9n 

2b, 

lb„ 

4b, 

lb, 

6b4 

2b, 

5b, 


19122 
19210 
19514 
19843 
20360 
21020 
21508 
21885 
22216 



Erbium Phosphate. 

Bun.nen and Bahr, • Ann. Chim. Pharm.* cxxxvii. 1 ; * Ann. Chim. Phys.* (III.) 1866. 
Lecoq de Boisbaudran, * Spectres Lumineux,' Paris, 1874. 



Flame Spectrum 

Lecoq de 
Boisbaudran 



6913 

6694 

6597 

a 6626 

€ 6432 

r 5507 

'^ 1 6463 



Intensity 

and 
Character 



lb„ 

5b,o 
7n 

9b, 
7b, 
7b, 
8b, 



Osc. Freq. 



14461 
14934 
15154 
15319 
15543 
18153 
18300 



Flame Spectrum 



Lecoq de 
Boisbaudran 



6391 
a f 6238 
'^ 1 6208 
4928 
4878 
4667 



Intensity 

and 
Character 



2b, 

9n 

9n 

6ba 

7b, 

6b 



II 



Osc. Freq. 



18544 
19085 
19196 
20286 
20494 
21890 
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Gold Chlobide. 

MitBcherlich, • Ann. Chim. Phys.' Ixix. 169 (1863). 
Lecoq de Boisbaudran, * Spectres Lumineuz/ Paris, 1874. 
Demar^ay, • Compt. Rend.' cvi, 1228. 



Flame Spectrum 


Intensity 

and 
Character 


Osc. Freq. 


Flame Spectrum 


Intensity 


Osc Freq. 




Lecoq de 
Boisbaudran 


Lecoq de 
Boisbaudran 


and 
Character 


6913 


4b,| 


16907 




r6179 


2nl 


19303 




c 6752 


6b„ 


17083 


ftH 


6158 


^4^ V 


19382 




7 6600 


8b, 


;i7852 


5141 


19446 






f5477 


381 

58 r* 

48j 


18253 




16125 


9n^ 


19606 




ft- 


6468 


18316 


/5102 


8n] 




19594 




5437 
5418 


18387 

18452 


. 6080 
* 5063 


6n| 

38 


W 


19679 
19745 






f6364 


58 1 


18637 


(5044 


6n 




19820 






6348 


6n r« 


18693 


4996 


4b,' 


20010 




•i- 


5328 


18763 


4516 


2b.o 


22137 






6311 


9nJ 


18823 


4430 


2b, 


22566 




.5286 1 


4n 


18912 












5263 


9n1 

*^ b' 
9n ^» 

6nJ 


18995 










a . 


6244 


19064 












6222 


19144 












16210 


19188 











Htdbooen Oxide (see Water). 
Iron Oxide. 

Mitscherlich, 'Ann. Chim. Phys.' Ixix. 169 (1863). 



Mitscherlich 


Intensity 
and Character 


Osc. Freq. 


Mitscherlich 


Intensity 
and Character 


Osc Freq. 


6219 
6182 
5892 
6665 


lb' 
2b' 

4b' 
4b' 


16075 
16171 
16967 
17647 


5632 
5444 
5420 


5b' 
4b' 
2b' 


17750 
18363 
18445 



Lead Oxide. 

Mitscherlich, • Ann. Chim. Phys,' Ixix. 169 (1863). 

Leeds, * Quart. Joum. Science,* Jan. 1871 

Lecoq de Boisbaudian, * Comp. Bend.' Izzvii 1152 ; * Spectres Lnmineuz,' Paris (1874). 



Mitscherlich 


Lecoq de 
Boisbaudran 


Intensity 
and 


Osc 

Freq. 


MitscherUch 


Lecoq de 
Boisbaudran 


Intensity 
and 


Osc 


a 


b 


Character 


a 


ft 


Character 


Freq. 


6265 




2b' 


19557a 


5144 




4b' 


19434a 


6196 




2b' 


16136a 


4993 




4b' 


20022a 


5997 




2b' 


16670a 


4913 




4b' 


20848a 


5955 




2b' 


16788a 


4880 




3b' 


20486a 


5892 


5904 


3b' 


16933ft 


4852 




3b' 


20604a 


6665 


6684 


4b' 


17588ft 


4825 




3b' 


20719a 
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Lbad Oxide — continued. 



Mitflcherlich 
a 


Lecoq de 

Boiabaudran 

b 


Intensity 

and 
Character 


Osc. 
Freq. 


Mitacherlich 
a 


Lecoq de 

Boisbaudran 

6 


Intensity 

and 
Character 


Osc. 
Freq. 


5616 
5460 
5414 
5328 
5273 
5220 


5610 
5460 


4b' 
5b' 
5b' 
5b' 
6h^ 
4b' 


17820& 

ISdWab 

18465a 

18763« 

18969a 

19151a 


4664 
4593 
4468 
4381 
4296 




2b' 
2b' 
2b' 
lb' 
lb' 


21434a 
21766a 
22375a 
22819a 
23270a 



Magnesium Hydride. 

Liveing and Dewar, * Proc. Roy. Soc.' zxvii. 294 ; zzz. 93 ; zzzii. 196. 
Ciamician, ' Sitzungsber Akad. Wissensch. Wien.' 1880, p. 437. 



Liveing and 


Intensity and 


Osc. Freq. 


Liveing and 


Intensitv and 


Osc. Freq. 


Dewmr 


Character 


Dewar 


Chanud«r 


5618 


Sh' 


17794 


5210 


lOb' 


19188 


&c. 






&c. 






5566 


8b' 


17961 


5180 


lOV 


19299 


&c. 






&o. 






5513 


8br 


18134 








5512 


8^ 


18187 


4849 


8b» 


20617 


5511 


8b' 


18140 


&o. 






&c. 






4803 


8b' 


20814 



Magnesium Oxide. 

Lecoq de Boisbaudran, ' Spectres Luminenz/ Paris, 1874. 

Watts, • Phil. Mag.' 1876. 

Liveing and Dewar, *Proc. Roy. Soc' No. 187 (1878). 



Lecoq de 

Boisbaudran 

a 


Watts 
6 


Liveing and 

Dewar 

e 


Intensity and 
Character 


Osc Freq. 


5006 
4994 
4984 
4974 
4966 
4958 


6006-5 

4996-5 

4985-7 

4974-7 

4963-7 

4948-7 

4934 

4924 

4914 


5000 
4990 
4980 
4969 
4957 
4945 
4930 

4797 


8b'\ 

7b' 

5b' 

4b' 

2b' 

2b' 

lb' 

lb' 


^V 


19968& 
20008& 
20051& 
20095& 
20140^ 
20201 & 
20261 & 
20302J 
20343^ 
208390 
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Manganese Oxide. 

Watts, *Phil. Mag.' (4) xlv. 81. 

Leooq de Boisbaudran, •Spectres Lnmineuz/ Paris, 1874. 



Lecoq de 
Boisbaudran 


Watts 


Intensity 
and 


Osc. 
Freq. 


Lecoq de 
Boisbaudran 


Watts 


Intensity 
iind 


Osc. 
Freq. 


a 


b 


Character 


a 


* 


Character 




r6327 




Is 


1580U 




^6549 




2b,' 


18016a 




6288 




28 


15899a 




5511 




3b,' 


18140a 




6249 




3s 


15998a 




5473 




5b 


18266a 






6234 


43 


16036J 


i3' 




5433 


5s 


18401* 


ri i 6215 




4s 


16085a 


5427 


5423 


8b' 


18428a* 






6204 


4br 


16114a 






5395 


8s 


18530* 




6187 


6185 


4s 


161610* 




5398 


5391 


9b' 


18532a* 






6178 


4b' 


16182* 




5367 


5359 


9b' 


18641a* 




6150 




38 


16255a 




^6308 




2b, 


18834^^ 




5943 




3n 


16822a 




5260 




4b,' 


19006a 






5932 


2s 


16853* 




5223 


5229 


6b,' 


19130a* 


8. 


5915 




6n 


16901a 


«^5]89 


5192 


7b,' 


19260a* 




5909 


lb' 


16918* 


5155 


5157 


6b,' 


19393a* 




5887 




7n 


16982a 


5136 




lb 


19468a 




L5858 




6n 


17066a 


t.5089 




3b' 


19644a 




5847 


2b' 


17098* 












"5807 




lb,' 


17216a 






/■ 






5759 




2b,' 


17369a 












5719 


5688 


3b,' 
3s 


17480a 
17575* 










a 


1 


5683 


3s 


17591* 










5676 




4b,' 


17613a 














5644 


6b' 


17712* 












6614 


5607 


9b' 
5b' 


17807a 
17829* 












5587 


5580 


9n 


17904a* 











Nitrogen Htpbide (see Ammonia). 



Nitrogen Oxide. 



The spectrum given on p. 112 as the positive band spectrum of nitrogen is assigned by 
Angstrom and Thal6n to an oxide of nitrogen. 



Phosphorus Hydride. 

Christofle and Beilfitein, 'Ann. Chim. Phys.' (4) 288; 'Compt. Bend.' Ivi. 399 (1863). 
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Silicon Chloride. 

PWcker, • Pogg. Ann.' evil. p. 631 (1^69), 
Salet, 'Ann. Chim. Phys.' xxviii. p. 66 (1873). 



Salet 


Intensity and 
Character 


OscFreq. 


Salet 


Intensity and 
Character 


Osc. Freq. 


6220 


6 


16073 


5140 


3 


19450 


61201 
6060/ 


3 


/ 16335 
\ 16624 


6070 


6 


19718 


75010 


6 


19954 


5950 


6 


16802 


4950 


1 


20196 


6870 \ 
6780/ 


B 


/ 17030 
\ 17296 


c4876 


6 


20603 


4810 


6 


20784 


55670 


6 


17631 


4740 


1 


21091 


66901 
5510/ 


3 


/ 17884 
\ 18144 


4690 


6 


21316 


4650 


1 


21499 


/36450 


6 


18343 


4570 


3 


21876 


63701 
6270/ 


3 


/ 18616 
\ 18970 


4520 


1 


22118 


4460 


3 


22414 


05220 


6 


19161 









Silicon Bromide. 

Salet, 'Ann. Chim. Phys.' xxviii. p. 65 (1873). 



Salet 


Intensity and 
Character 


OscFreq. 


Salet 


Intensity and 
Character 


Osc. Freq. 


6200 

6060 

6960 

6790 

5670 

56601 

6480/ 

6450 


6 
1 
6 
3 
6 

3 

6 


16124 
16524 
16802 
17266 
17631 
/ 17980 
\ 18243 
18343 


6350 \ 

6270/ 

6220 

6070 

6010 

4960 

4875 

4770 


3 

6 
6 
6 

1 
3 
3 


/ 18686 
\ 18970 
19152 
19718 
19954 
20196 
20507 
20958 



Silicon Fluoride. 

Segnin, •Compt. Rend.' liv. 993. 

Wesendonck, « Ann. Phys. Chem.* N.F. xxi. 427 (1884). 

Silicon Hydride. 

Wesendonck, * Ann. Phys. Chem.' N.F. xxi. 427 (1884). 

Silicon Iodide. 

Salet, * Ann. Chim. Phys.' xxviii. p. 24 (1873). 



Salet 


Intensity and 
Character 


Osc. Freq. 


Salet 


Intensity and 
Charactex 


Osc. Freq. 


6200 
5950 
5670 
5510 
6450 


6 
6 
6 
3 
6 


16124 
16802 
17631 
18144 
18343 


5330 
5220 
6070 
4950 
4880 


3 

6 
6 
6 
6 


18766 
19152 
19718 
20196 
20486 



N 
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Stbontium Chlobidb. 

Mitscherlich, 'Ann. Chlm. Phys.' Ixix. 169 (1863). 

Lecoq de Boisbaudran, * Spectres Luminenx/ Paris (1874). 

Bunsen, • Phil. Mag.' (4) 1. 633 ; • Pogg. Ann.* oIt. 230 (1876). 



Flame Spectrum 


Intensity 
and Character 


Osc Freq. 


Lecoq de Boisbaudran 
a 


Mitscherlich 
h 


76729 
36598 
•[«6464 
a6350 
C6233 


6718 
6609 
6473 
6336 
6196 


8b, 
9b. 
5n] 
9b, 
6n 


14867a 
16162a 
16466a 
16743a 
16039a 



* Appears to be due to the Oxide. 



Strontiuu Bbomidi. 

MitBcherlich, 'Ann. Chim. Phys.' Iziz. 169 (1863). 



MiUch^lich 


Intensity 


Osc Freq. 


Mitscherlich 


Intensity 


Osc Freq. 


6736 
6637 
6682 
6637 


6s 

68 

2n 
2n 


14843 
15063 
16189 
16293 


6488 
6402 
6336 


6s 
3s 
2s 


16409 
16615 
16778 



Steontittm Fluoeidb. 

Mitscherlich, 'Ann. Chim. Phys.' Ixix. 169 (1863). 



Mitscherlich 


Intensity 


Osc Freq. 


MitscherUch 


Intensity 


Osc Freq. 


6609 
6501 


8n 
8n 


15127 
15378 


6807 
6783 


4s 
4s 


17216 
17287 



Strontium Iodidb. 

MitscherUch, « Ann. Chim. Phys.' Ixix. 169 (1863). 



Mitscherlich 


Intensity 


Osc Freq. 


Mitscherlich 


Intensity 


Osc Freq. 


6724 
6664 


6s 

58 


14868 
15001 


6669 
6468 


48 

3s 


16242 
15456 
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Steontium Oxidb. 

Lecoq de Boisbaudran, 'Spectres Lumlneux/ Paris (1874). 



Flame Spectram 


Intensitj 


Otc. Freq. 


Flame Spectram 


Intentitj 


Obc Freq. 


Lecoq de 
Boisbaudran 


Lecoq de 
Boisbaadran 


16862 
76746 
€6627 
$6498 
f76464 
6276 
06233 


8b/ 

9b,/ 

8b/ 

9b/ 

6b, 

In 

5n 


14569 
14819 
15085 
15385 
15466 
15929 
16039 


6191 

r6069 

" \ 6031 

5970 

5940 

r5911 

*\5890 


In 
lOn 
9n 
In 
In 
8n 
8n 


16148 
16500 
16576 
16745 
16830 
16913 
16973 



6, probably due to the Chloride. 

TiK Oxide. 

Salet, * Ann. Chim. Phys.* xxviii. 69 (1873). 




InteTinity and 
Character 


Osc. Freq. 


Salet 


Intensity and 
Character 


Osc. Freq. 


5b„- 

5b 

5b 

5b 

5b/ 

5b 


17236 
17663 
17757 
17980 
18616 
18791 


5160 

5100 . 

4970 

4600 

4390* 

4240* 

4080 


5b/ 1 

6b.' U„' 

6b„'J 

lb,.' 

3b,.' 

3b,' 

lb.' 


19374 
19602 
20115 
21732 
22772 
23578 
24503 



Triple. 



Watbe. 



Lecoq de Boisbaudran, * Oompt. Rend.' Ixxiv. 1050 (1872). 

Huggins, * Proc. Roy. Roc' xxx. 576 ; * Compt. Rend.' xc. 1455 (1880). 

Liveing and Dewar, * Proc. Roy. Soc' xxx. 580 ; xxxiii. 274 (1882) ; * Phil. Trans.' clxxix. 

2 (1888). 

Janssen, * Compt. Rend.' Ixiii. 289. 

Deslandres, 'Compt. Rend.' c. 854 ; * Ann. Chim. Phys.' (6) xiv. 257 (1888). 



Huggins 
a 


Liveing and Dewar 
b 


Inteni^ity and 
Character 


Oscillation Frequency 


3276 


8266*3 




30606& 


3266 


3263*5 




30632& 


3262 


3256-3 




30700& 


3256 


3254-7 




30715& 




32530 




30731* 


3252-5 


3243-6 




30820J 


3242-5 


3240-6 




30849* 




3237-7 




30877* 




3234-6 




30906* 


3232 


32331 




30921* 




3230-4 




30946* 



N2 
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Wateb — eontinued. 



Huggina 
a 


liveing and Dewar 
b 


Intensity and 
Character 


Oscillation Frequency 


3228 


3229-6 




309556 




3226-0 




309896 




3224-6 




310026 


3223 


3222-8 




310186 




3220-9 




310386 




3220-1 




310456 


8217-6 


3217 6 




810706 




32131 


2b' 


811136 


8211 


3210-1 


2b' 


311426 


8207-6 . 


3206-8 


1 


311846 




3203-5 


2 


312066 


8201 


3201-9 


2 


312226 




3200-4 


2 


312366 


3198 


3198-7 


2 


312536 




3194-6 


3 


312946 


3192-5 


3191-9 


I 


813206 




3191-3 


2 


813266 


3189 


3187-6 


1 


313616 


3184 


3186-6 


4 


313816 




3182-6 


3 


314116 




31810 


1 


314276 


3180 


3179-6 


1 


314406 




3177-2 


2 


314646 


3176 


3174-6 


1 


814906 




31740 


4 


314966 




3172-8 


1 


315086 


3171 


31691 


6b' 


315456 


3167 


31660 


2 


815766 


3163 


3163-9 


2 


315976 




3162-8 


1 


316086 




3161-6 


3 


316216 


3169-6 


3160*3 


2 


316336 




31680 


3 


316566 




3167-3 


1 


316636 


8156 


3166-4 


1 


316726 




3164-0 


6 


316966 


3162-6 


3162-7 


1 


317096 




3161-7 


3 


317196 




31506 


4 


317306 


3149-6 


3149-5 


4 


317416 




31480 


1 


317666 




3146-9 


6b^ 


317676 


3145 


3145-1 


1 


317856 




3143-5 


4 


318026 


3142-5 


3142-5 


1 


318126 


1 


3141-6 


1 


318216 


w 


3140-3 


4 


318346 


3139 


3139-4 


1 


318436 




3138-7 


2 


318506 




3137-4 


1 


318636 


8135 


3136-3 


6 


318766 


' 3133 


3133-7 


6 


319016 




3132-6 


2 


319126 




3130-8 


1 


319306 


3130 


3129-9 


6 


319406 


3127 


/3127-8 
\3127-3 


4 
1 


319616 
319696 
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Wateb — eotttiiHied, 



Huggina 
a 


Liyeing and Dewar 
b 


Intensity and 
Character 


Oscillation Frequency 




31260 


1 


31980^ 




3124-5 


3 


31996» 




3123-5 


4 


32006& 


3122-5 


3122-2 


6 


32018ft 




3121-3 


1 


32028ft 


• 


3119-2 


3 


32049ft 


3117 


3117-4 


6 


32067ft 




3116-6 


3 


32076ft 




3114-3 


4 


32100ft 




3112-8 


4 


32116ft 


3111 


3111-5 


6 


32128ft 




3109-7 


4 


32147ft 




3108-8 


4 


32166ft 




31070 


4 


32176ft 




31060 


2 


32186ft 


3105 


3105-3 


5n 


32193ft 


3102 


J 3102-7 
\ 3101-6 


4 


32220ft 


6 


32231ft 




3100-6 


2 


32241ft 


3099 


30990 


6 


32268ft 




8098-3 


4 


32266ft 




3096-3 


4 


82286ft 




3096-8 


4 


32291ft 




3094-8 


4 


32302ft 


3094 


3094-2 


4 


32308ft 




30920 


5n 


32331ft 




3090-6 


5 


32346ft 


3090 


3089-8 


4 


32364ft 




3089-3 


6 


32360ft 




3086-7 


4 


32388ft 


3085 


3085-8 


2 


32397ft 




3084.6 


4 


32410ft 




3082-6 


4 


32431ft 


3082 


3081-0 


5 


82448ft 


3080 


3079-3 


5 


32466ft 


3077-5 


/ 3077-9 
\3076-6 


4 
2 


32480ft 
32494ft 


3074 \ 
3073/ 


3074-4 


2 


32617ft 


3073-8 


2 


32623ft 


3072-6 


1 


32636ft 




3071-5 


5 


32548ft 




30700 


4 


32664ft 


3068 


3068-2 


In 


32683ft 




3067-2 


5b' 


32693ft 




3065-5 


3 


32612ft 




3064-6 


4 


32621ft 




3063-9 


3 


32629ft 


3062 


3063-3 
Second Series 


6b' 


32635ft 




3067-4 


4 


32697ft 




3052-7 


4 


32748ft 




3048-3 


4 


32792ft 




3043-9 


3 


32843ft 




3039-9 


3 


S2886ft 




3033-1 


2 


32960ft 
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y^ATEB—oanti/ntied, 



Liveing 
and Dewar 


Intensity 
and Character 


OscFreq. 


Liveing 
and Dewar 


Intensity 
and Character 


Oac. Freq. 


3030-3 


2 


82990 


2946-2 


4 


83943 


3027-6 


1 


33020 


2944-2 


In 


33955 


3026-2 


1 


33046 


2940-6 


in 


33991 


3023-4 


1 


33066 


2940-3 


8 


34000 


3022-6 


1 


83076 


2938-6 


1 


34021 


8022*0 




33081 


2937-8 


4 


34029 


3021-4* 


1 


83088 


2937-2 


8 


34036 


3020-9 


1 


33093 


2936-6 


4 


34044 


3016-6 


1 


83140 


2936-2 


4 


34059 


3012-9 


1 


83181 


2933-5 


4 


34079 


3008-5* 


1 


83229 


29310 


1 


34108 


3006-3* 


1 


33266 


2929-9 


4 


84120 


3001-9 


3 


83302 


2927-6 


2n 


34147 


2998-7 


1 


33338 


2927-1 


4' 


34163 


2997-8 


3 


83348 


2926-3 


3 


34162 


2996-6 


3 


83361 


2924-8 


1 


34180 


29948 


1 


33381 


2924-4 


3 


34185 


2992-9 


1 


83402 


2923-8 


2 


34191 


2991-7 


2 


33416 


2921-5 


8 


34219 


2990-6 


1 


33429 


2919-8 


4n 


34238 


2988-6 


2 


33461 


2918-6 


2 


34254 


2987-2 


1 


33466 


2918-2 


8 


34257 


2986-7 


1 


33483 


2916-3 


4 


34279 


2983-8 


In 


83504 


2915-7 


4 


34286 


2982-9 


1 


33514 


2913-6 


4n 


34313 


2982-2 


1 


33522 


2912-9 


4 


84319 


2980-2 


4n 


33545 


2911-4 


4 


34337 


2979-4 


4n 


33554 


2909-4 


2 


34360 


2977-8 


4n 


33572 


2908-3 


4 


34374 


29761 


4n 


83602 


2907-3 


4 


34386 


2973-9 


1 


33616 


2906-6 


2 


34394 


2972-2 


1 


33636 


2906-0 


1 


34401 


29711 


1 


33647 


2903-7 


6 


34428 


2970-7 


2 


83652 


2902-6 


8 


34442 


29700 


2 


33660 


2900-9 


2 


34461 


2968-6 


1 


33677 


2900-2 


4 


34470 


29680 


1 


3H682 


2899-6 


2 


34474 


29671 


1 


33693 


2898-8 


2 


34486 


2966-5 


1 


B3700 


2898-1 


8 


34495 


2965-5 


3 


33711 


2897-6 


4n 


34501 


2962-9 


2 


33740 


2897-1 r 


1 


34507 


2962-1 


1 


33750 


2896-1 


3 


34518 


29600 


4 


33773 


2894-2 


1 


34541 


2958-9 


1 


33786 


2893-6 


4n 


34549 


29571 


2 


33807 


2892-9 


2 


34557 


2956-3 


1 


33816 


2890-8 


10 


34582 


2955-6 


1 


33825 


2890-2 


4 


34589 


2954-6 


In 


33836 


2889-8 


4 


34594 


2953-2 


1 


33851 


2889-2 


1 


34601 


2952-6 


1 


33859 


2888-6 


1 


34609 


2951-7 


1 


33868 


2887-5 


3 


34621 


2951-2 


1 


33874 


2886-3 


1 


34636 


2950-7 


1 


33880 


2886-1 


1 


34638 


2950-1 


4 


33888 


2885-3 


4 


84648 


2948-6 


2 


33905 


2884-2 


4 


34661 


2947-5 


3n 


33917 


2882-6 


4 


34681 


2946-5 


1 


33928 


2881-8 


4 


34690 1 
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Watbu — oontinued. 



Liveing 
and Dewar 


Intensitj 
and Character 


Osc. Freq. 


Liveing 
and Dewar 


Intensity 
and Character 


Osc Freq. 


2881-1 


1 


84698 


2815-6 


3 


35506 


2880-3 


2n 


34708 


2814-9 


2 


36514 


2878-3 


6n 


34733 


2813-6 


In 


35532 


2875-8 


4ii 


34762 


2812-4 


In 


35545 


2875-0 


6n 


34772 


2812-1 


1 


35549 


2871-9 


4 


34809 


2811-7 


1 


85554 


2871-5 


4 


34814 


2811-3 


1 


35569 


2869-6 


4 


34838 


2811-2 


4 


36661 


2868-3 
28660 


4 
4 


34853 

34881 


Third Series 






2865-6 


1 


34887 


2806-8 


2 


35616 


2863-3 


4 


34914 


2805-4 


1 


36634 


2861-7 


4 


34933 


2804-2 


1 


35649 


2860-3 


4 


34952 


2802-9 


2 


36666 


2859-4 


4 


34963 


2799-8 


4 


36705 


2867-6 


4 


34983 


2797-6 


1 


35733 


2856-4 


4 


35010 


2796-9 


2 


86742 


2854-9 


4 


35016 


2795-7 


1 


35768 


2853-9 


4 


35029 


2793-8 


2 


85782 


2862-2 


5 


35050 


2791-7 


1 


36809 


2850-2 


4 


35074 


2790-6 


2 


35824 


2849-6 


4 


35083 


2789-8 


1 


35833 


2848-8 


4 


35091 


2789-1 


1 


36842 


2847-4 


4 


36110 


2788-3 


1 


86853 


2846-3 


4 


36122 


2787-7 


1 


86860 


2845-4 ? 


1 


36133 


2786-6 


8 


86876 


2844-4 


6 


36146 


2284-8 


1 


85898 


2843-1 ? 


1 


35162 


2783-2 


8 


85918 


2842-T 


4 


35167 


2780-7 


1 


35961 


2842-2 


4 


85173 


2779-2 


2 


35970 


28410 


4 


86188 


2778-6 


1 


36978 


28401 


1 


36199 


2777-4 


1 


86993 


2838-8 


10 


85214 


27761 


2 


36010 


2836-7 


2 


36241 


2774-9 


2 


36026 


2835-8 


2 


36262 


2773-8 


1 


86040 


2835-0 


2 


35262 


2772-3 


1 


86069 


2834-0 


1 


36276 


2770-9 


1 


36078 


2833-3 


2 


35283 


2770-0 


1 


86089 


2831-4* 


4 


35307 


27691 


1 


86101 


2829-8 


4n 


36327 


2768-2 


1 


36113 


2829-2 


1 


85334 


2767-3 


1 


86125 


2828-7 


6 


36341 


2766-3 


2 


86138 


2828-3 


In 


36346 


27641 


3 


86166 


2826-3 


4 


86371 


2762-6 


1 


86186 


2825-2 


3a 


35384 


2761-4 


a 


86202 


2824-8 


4 


36389 


2759-8 


3n 


36223 


28240 


1 


85400 


2768-9 


1 


36234 


2822-8 


3 


36421 


2767-0 


8 


86259 


2821-8 


4 


35427 


2754-7 


1 


36290 


2821-2 


1 


35436 


2753-1 


2 


36311 


2820-7 


1 


35441 


2750-9 


2 


36340 


2820-1 


5 


35448 


2748-3 


3 


86374 


2819-3 


1 


35453 


2746-9 


3 


36406 


2818-7 


3 


35466 


2742-7 


1 


36448 


2818-2 


1 


35472 


2740-2 


3 


36482 


2817-1 


4 


36486 


2737-8 


3 


36514 


28161 


3 


35499 


2736-6 


2 


36646 
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Watbb — eontimied. 



Liveing 
and Dewar 


Intensity 
and Character 


Osc Freq. 


liveing 
and Dewar 


Int^sity 
and Character 


Osc Freq. 


2734-3 


1 


36660 


2652-6 


1 


37688 


2733-0 


2 


36678 


2661-3 


4 


37706 


2732-1 


8 


36690 


2660-7 


1 


37714 


2730-6 


2 


36611 


2648-2 


4 


37760 


2729-9 


1 


36620 


2646-7 


4 


37786 


2728-2 


2 


36643 


26441 


1 


37809 


2726-1 


3 


36672 


2643-2 


2 


37821 


2724*8 


2 


36689 


2642-2 


1 


37836 


27236 


a 


36707 


2640-6 


4 


37860 


2721-6 


2 


36732 


2638-6 


8 


37889 


2719-8 


3 


36767 


2636-9 


1 


37912 


2718-2 


1 


36765 


2636-7 


8 


37929 


2717-2 


3 


36792 


2634-8 


2 


37942 


2715-8 


2 


36816 


26333 


1 


37964 


2714-5 


3 


86828 


2632-4 


1 


37977 


2713-6 


1 


36841 


2631-8 


6n 


87993 


2711-6 


3 


36867 


2628-3 


1 


38036 


2710-6 


1 


36881 


2627-7 


1 


38044 


2709-6 


8 


36896 


2627-2 


1 


38062 


2707-2 


1 


36928 • 


2625-9 


2 


38071 


2706-2 


2 


36941 


2624-8 


4n 


88094 


2706-2 


2 


36965 


2623-3 


1 


38108 


2704-3 


1 


86967 


2622-8 


1 


88118 


2701-6 


4 


37004 


2622-2 


1 


38124 


2699-7 


1 


37030 


2621-4 


2 


38136 


2698-8 


3 


37042 


2620-6 


1 


38148 


2697-8 


In 


37056 


2618-9 


8 


38172 


26961 


1 


37080 


2618-1 


1 


38184 


2696-4 


2 


37089 


2617-7 


1 


38190 


2693-8 


2 


37111 


2617-0 


1 


38200 


2693-2 


1 


37120 


2616-6 


1 


88207 


2692-6 


1 


37133 


2615-7 


1 


88219 


2691-7 


2 


87140 


2614-9 


3 


88222 


2690-6 


2 


87167 


2613-5 


2n 


38251 


2688-9 


3 


37179 


2612-6 


1 


38266 


2687-7 


2 


37196 


2611-0 


2 


38287 


2687-2 


1 


87202 


2609-7 


1 


38307 


2686-4 


1 


37214 


2608-9 


1 


38319 


2686-5 


2 


37226 


2608-4 


8 


38326 


2684-8 
2683-2 


1 
lb 


37235 
37258 


Fourth Series 






2681-8 


1 


37274 


2605-2 




38373 


2»i80-9 


2 


37290 


2603-2 




38402 


26790 


1 


37316 


2600-9 




38436 


2678-2 


1 


37327 


2598-6 




38470 


2677-3 


3 


37340 


2596-4 




38503 


2675-8 


1 


37361 ' 


2594-6 




38530 


2673-2 


3 


37397 j 


2592-8 




38656 


2671-1 


4 


37427 ! 


2591-3 




38679 


2668-1 


2 


37469 


2689-1 




38612 


26660 


2 


37498 


2587-1 




38641 


2663-9 


3 


37528 


2684-4 




38682 


26609 


1 


37570 


2682-8 




38703 


2659-7 


2 


37587 


2682-1 




38716 


2667-4 


4 


37619 


2680-9 




38734 


2664-3 


1 


37663 


2578-3 




88773 


2653-8 


2 


37675 


2576-7 




38797 ' 
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Watbb — coatiniied. 



Itivemg 


Intensity 


Osc. Freq. 


Liveing 


Intensity 


Osc. Freq. 


and liewar 


and Character 


andDewar 


and Character 




2574*6 


I 


88830 


2474-5 


1 


40399 


2573-4 


1 


38847 


2471-9 


3 


40442 


2670-4 


1 


* 38892 


2469-6 


2 


40481 


2669-1 


2 


38912 


24671 


1 


40520 


2667-0 


2 


38944 


2465-9 


1 


40540 


2566*6 


I 


88965 


2464*6 


1 


40563 


2562-6 


2 


39011 


2462-8 


Sn 


40591 


2559-6 


4 


89066 


2461-7 


1 


40609 


2556-4 


8 


39105 


24600 


1 


40637 


2563-4 


4 


89151 


2459-2 


1 


40650 


2650-3 


3n 


89199 


2457-7 


2 


40676 


2547-7 


3 


39239 


24660 


3 


40703 


2646-6 


1 


89271 


2464-7 


3 


40725 


2542*7 


1 


89316 


2463-3 


1 


40748 


2540*2 


1 


39366 


2452-2 


1 


40766 


2638*9 


1 


39375 


2450-9 


2 


40788 


2537*7 


2 


39393 


2449-3 


3 


40816 


2536-6 


4 


89418 








2534*1 


2 


39449 


Fifth Series 






2531*4 


1 


39490 








2530-2 


3 


39510 


2448-4 


1 


40830 


2529*2 


1 


39526 


2446-5 


1 


40862 


2524-2 


2 


39604 


2445-4 


1 


40880 


2521-7 


2 


39643 


2443-2 


1 


40917 


2519-8 


2 


39673 


2441-6 


1 


40947 


2517-6 


2 


39708 


2440-3 


2 


40965 


2515*1 


1 


39747 


2438-7 


2 


40992 


26131 


1 


39779 


2437-2 


1 


41017 


2511-2 


1 


39809 


2435-9 


1 


41039 


2510-5 


1 


39820 


2433-9 


In 


41073 


2509-8 


1 


39831 


2433-3 


1 


41083 


26091 


1 


39842 


2431-8 


In 


41108 


26081 


1 


39858 


2431-2 


In 


41118 


2506-8 


1 


39879 


2429-7 


2 


41144 


2506-6 


1 


39898 


2428-1 


2 


41171 


2505-2 


1 


39904 


24270 


1 


41190 


2504-4 


1 


39917 


2425-7 


3 


41212 


25040 


1 


39923 


2422-4 


1 


41267 


2603-7 


1 


39928 


2421-6 


1 


41281 


25031 


2 


39938 


2419-8 


1 


41309 


2501-4 


2 


39966 


24180 


1 


41343 


2499-8 


1 


39990 


2416-2 


2 


41374 


24980 


2 


40019 


2414-8 


1 


41398 


2496-3 


2n 


40046 


2414-3 


1 


41406 


2495 6 


1 


40057 


2412-6 


In 


41435 


2493-8 


1 


40087 


24120 


1 


41446 


2492-3 


1 


40111 


24101 


1 


41478 


24911 


3 


40130 


24090 


1 


41497 


2489-3 


2 


40159 


2407-5 


1 


41523 


2487-2 


2 


40193 


2406-5 


1 


41640 


24858 


1 


40212 


2405-3 


1 


41561 


2484-9 


1 


40230 


2404-1 


1 


41582 


2483-7 


1 


40249 


2403-2 


1 


41597 


2482-6 


2 


40267 


2402-4 


2 


41611 


2480-7 


1 


40298 


2399-3 


2 


41665 


2479-3 


1 


40321 


2398-6 


1 


41677 


24776 


1 


40350 


23980 

1 


1 


41687 
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Watbk — eontinued. 



Liveing 
and Dewsr 


Intensitj 
and Character 


Oflc Freq. 


Liveing 
and Dewar 


Intensity 
and Character 


Osc. Freq. 


23963 




41717 


2360-6 




42350 


2394-8 


m 


41743 


2367-7 




42402 


2393-6 




41766 


2356-6 




42421 


2391-6 




41799 


2366-6 




42441 


2390-7 




41816 


2354-1 




42466 


2387-0 




41880 


2351-6 




42510 


2385-7 




41902 


2347-6 


^ /■ 


42586 


2384-3 




41927 


2346-6 




42620 


2383-0 




41950 


2342-1 




42684 


2381-9 




41969 


2337-6 




42768 


2379-6 




42010 


2332-2 


In 


42865 


2378-6 




42027 


23311 


In 


42885 


2376-6 




42063 


2323-8 




43020 


2376-6 




42082 


2316-2 




43159 


2374-9 


l 


42093 


2310-1 




43276 


2373-6 




42116 


2307-5 




43322 


2372-8 




42130 


2300-8 




43450 


2371-2 




42169 


2297-0 




43622 


2368-6 




42206 


2283-6 ? 




43779 


2366-1 




42249 


2272-2? 




43995 


23651 




42267 


2268-0 




44078 



* Doable>--the mean of pair. 



senes. 



N.B. — Intensity 1 in second series is not more than 5 in first 

1 „ third „ „ 6 in second „ 

1 „ fourth and fifth „ „ 6 or 6 in third „ 



•f 
ft 



Air (Absoeption). 

(Telluric Fraunhofer Lines.) 
o • 

Angstrom, ' Becherches sur le Spectre Solaire/ Upsal, 1868. 

Piazzi-Smyth, • Madeira Spectroscopic/ 1882. 

Fievez, ' Spectre Solaire/ Bruzelles, 1883. 

EgoroflP, • Compt. Rend.' xcvii. 555 ; ci. 1143 (1885). 

Hautefeuille and Chappuis, ' Compt. Rend.* xciii. 80. 

Langley, < Oomp. Rend.' xcvii. 556. 

Cornu, * Ann. Chim. Phys.' (6) vii. 1, 1886; 'Compt. Rend.' xcr. 801. 

Abney, * Proc. Roy. Soc' No. 348, 1885 ; * Compt. Rend.' xcvii. 1206. 



o 

Angitrdm 


Fieves 


Piazzi-Smyth 


Cornu 


Intensity 


Osc. Freq. 


a 


b 


c 


d 












7690-5 \ 
7689-1/ 




12999^ 










13002^ 






7682-3 \ 
7680-7 / 


7683 8 1 
7682-6/ 


1 


13011^ 






1 


130] 3<i 






76800 


7680-1 


1 


13017<^ 




7699-9 


7677-3 \ 
7676-3 / 


7677-6 \ 
7676-4/ 


2 


13021^ 






2 


13023^^ 






7670-0 \ 
7668-6 / 


7671-5 ) 
7670-2/ 


4 


l30S2d 




7689-4 


4 


IdOdid 
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AiB (Abbobption) — eontinued. 



AngBtrom 



7630-0 



A 7604-0 



73161 



7307-4 
7300-4 



Fievez 
b 



7683-9 

7679- 

7678- 

7668-3 \ 

7667-4 / 

7662-9 

76620 

7657-9 

7657-0 

7652-9 

7651-9 

7648-2 

7647-2 

7643-8 

7643- 

7639-3 \ 

7638-4 / 

7631-8 \ 

7631-2/ 

7628-2 

7623-2 \ 

7622-1 / 

7620-3 \ 

7619-3 / 

7617-5 \ 

7616-3 / 



111 
J-3/ 

} 
} 

} 
} 



7613-4 
7612 
7611 
7609 
7607-2 
7604-5 
76020 
7601 
t7600 







7314-5 
7312-6 
7311-2 
7310-2 
7308-4 
7307-8 
7304-5 
7301-0 
7300-2 
7298-2 
7297-6 



Piazzi-Smyth 
c 






7665-6 

7664-2 

7660-0 

7658-9 

7654-2 

7653-4 

7649-8 

7648-8 

76450 

7643-9 

76410 

7639-8 

7636-6 \ 

7636- 1 J 

7632-9 

7631-8 

7629-0 

7627-8 

7625-2 \ 

76241 / 

7621-6 

7617-9 \ 

7616-6 / 

7614-5 

7613-2 

7611-9 

7610-9 



} 
} 
} 
} 
} 
} 
} 
} 
} 



} 
} 



7605-4 

76000 
7698-6 

7696-0 



Coma 
d 



1} 



r-5\ 

)-2/ 



7666 

7664 

766001 

7658-9/ 

7664-7 \ 

7663-6/ 

7649-7 \ 

7648-4/ 

7644-7 \ 

7643-6/ 

7640-2 \ 

7639-0/ 

7636-8 \ 

7634-7/ 

7631-6\ 

7630-4 r 

7627-5 

7626- 

7623-6 \ 

7622-4/ 

7620-2 

7616-41 

7614-2/ 

7612-6 1 

7611-2/ 

7609-7 

7608-5 

7607-1 

7606-0 

7604-8 

7603-6 

7602-8 

7601-6 

7600-9 

7699-7 

7699-4 

7598-1* 

7596-7 

7696-6 

76960 

7694-4 

7693-7 

7693-0 



Intensity 



6 

6 

7 

7 

8 

8 

9 

9 

10 
10 
12 
12 
12 
12 
10 
10 

9 

9 

9 

9 
10 

6 

8 

8 

8 

8 

8 

9 

9 

9 

9 

9 

8 

8 

6^ 

6 

9 

6J 

7 

6 

8b 



8b 



0'9 



O'l 



1 
1 

8 
1 
1 
6 
1 
1 
8 
1 
8 



Osc. Freq. 



13042^ 
13043^2 
13061(2 
13063<f 

isoeod 

13062^ 
13069(2 
ISOlld 
13077(2 
13079(2 
13086(2 
13087(2 
13092(2 
18094(2 
13100(2 
18102(2 
13107(2 
13109(2 
13113(2 
13116(2 
13119(2 
13127(2 
13130(2 
13132(2 
13136(2 
13137(2 
13139(2 
13142(2 
13144(2 
13146(2 
13148(2 
13149(2 
13161(2 
13163(2 
13166(2 
13165(2 
13167(2 
13160(2 
13162(2 
13163(2 
13164(2 
13166(2 
13166(2 

13668J 
13671J 
13674ft 
13676ft 
13679ft 
1 3680ft 
13686ft 
13693ft 
13694ft 
13698ft 
13699ft 



: 7644-3 Abney. 



• Double. 



t 7695-7 Abney. 



A, due to Oxjgen, Egorofl. 
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Air (Absobption) — emtmued. 



An^trttm 


Fieyez 


Piazzi-Smyth 


Coma 


Intensity 


Osc. Freq. 


a 


b 


e 


d 








7290-3 






1 


13713* 


7289-7 


7289-8 






6 


13714* 


7288-3 


7288-2 






8 


13717* 


72«6-7 


7285-3 






8 


13722* 




7282-7 






1 


13727* 




7278-2 






10 


13736* 




72771 






10 


13736* 




7275-8 






1 


13740* 


7274-4 


7274-3 






1 


13743* 




7272-9 






1 


13746* 


7271-3 


7270-6 






4 


13750* 




7269-8 






4 


13762* 




7267-9 T 






8 


13765* 




7266-0 > 






8 


13769* 




72651 J 






8 


13760* 




7263-5 






1 


13764* 


7262-1 


7262-3 






1 


13766* 




7260-7 






6 


13769* 




7259-8 






7 


13771* 




7258-9 






1 


13772* 


7266-9 


f 72680 
1 7254-8 






10 


13774* 






10 


13780* 




7251-7 






1 


13786* 


7249-6 


7249-3 






8 


13790* 




72471 






10 


13796* 




7245-4 






10 


13798* 




7244-9 . 






1 


13799* 


7241-9 


7241-3 






1 


13806* 


7237-6 


/ 7239-2 
\ 7234-8 






8 
8 


13810* 
13818* 


7231-8 


7232-5 






1 


13822* 


7229-2 


7229-8 






1 


13828* 




7227-6 






8 


13832* 


/ 




7208-8 






138680 






7207-4 


7207-7 




4 


13871* 






7206-8 








13872* 






72060 


7206-2 




10 


13873* 




7204-8 


7204-8 


7204-5 




6 


13876* 




7202-4 


72040 


7203-4 




10 


13877* 






7200-4 


7201-8 
7200-9 




6 


13884* 
138830 








7199-2 




1 


138860 




7198-2 


7198-8 


7198-7 




10 


13887* 




7197-8 


7197-8 




10 


13889* 


a> 




71961 


7195-9 




10 


13892* 




7196-0 


7193-5 


7195-3 
7194-6 
7192-3 




6 
6 
5 


13897* 
138960 
139000 






7192-8 


7192-2 




10 


13899* 




7191-3 


7191-7 








13901* 






7190-8 


7190-7 




10 


13903* 




7189-6 


7189-8 


7189-9 




2 


13905* 






7188-8 


7188-8 




10 


13906* 






7187-8 


7186-3 
a, due to 


water. 


10 


13908* 
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AiB (Absobption)— AmMitt(«2. 



Angstrom 


Fieveas 


Piazzi-Smyth 


Coma 


Intensity 


Osc. Freq. 


a 


h 


c 


d 








7184-8 


71850 


7184-7 




10 


' 139146 






7184-3 


7183-8 




10 


13915J 




7182-3 


7183-5 
7182-9 


7182-4 




10 


13917J 
139186 






7182-0 
7181-6 
7181-2 
7180-0 






• 

6 


139206 
139206 
139216 
139246 




7179-2 


7178-6 
71780 


7179-6 
7178-2 
7177-2 




10 


13925^0 

139266 

139276 






7176-8 


71760 




1 


139306 




7175-7 


7175-8 


7175-1 




8 


139326 


J. 7171-3 




7173-9 




6 


139350 




71720 






139390 








7171-6 




2 


139400 




7168-6 


7167-0 


7171-2 
7170-5 
7169-6 
7168-8 
7168-2 
7167-8 
7167-0 




3 

4 

1 
2 
1 
1 


139410 
139420 
139440 
139450 
139460 
139470 
139490 






71650 


7165-6 
7164-9 
71640 




2 


139510 
139530 
139550 




71630 


7163-0 


7163-4 
7162-3 




2 
4 


139560 
139580 


\ 7160-2 


71610 


7160-0 




6 


139620 








6960-2 


4 


14363<; 








6958-4 


6 


Umid 








6955-4 


10 


14373<« 








t6952-7 
•[6949-7 


6 


14379<« 








6 


14385^ 








6948-0 


4 


14388<2 








6946-4 


8 


14392^; 








6945-5 


1 


14394^ 








6942-7 


4 


14399^ 








6941-1 


4 


14403^2 








6940-2 


5 


14405^ 




« 




69400 1 


1 


14405^ 








6939-3/ 


1 


14406^ 








6939-1 


4 


UiOld 








6938-6 


2 


14408^ 








6937-2 


3 


14411^ 








6936-6 


4 


14412/2 








t6934-8 


7 


14416^2 








6934-2 \ 
6933-4/ 


4 


14417^ 








4 


14419<2 


y 




- 


t6932-8 


10 


14420<i: 








•f6932-5 


9 


Ui2ld 








6931-2 


3 


14423c; 








6930-8 


4 


14424/2 










6930-3 


5 


14426<{ 



a, due to water. 



t due to water-yapour, Comm 
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AiB (Absorption) — continued. 



Angstrom 
a 


Fievez 
h 


Plazzi-Smyth 

e 


Comu 
d 


Intensity 


Osc. Freq. 








6929-6 


1 


14427(i 








t6928-9 


8 


14428<; 








6928-6^ 


4 


14429rf 








t6928-3 


9 


14429^ 








{6928-1 f 


6 


14430^ 








6927-7J 


5 


14431<« 








t6926-7 


8 


14435^ 








t6923-4 


8 


14440^ 








6923-2 \ 
6922-3 / 


4 


14440^ 


, 6922-4 


69222 


6922-7 \ 
69220 / 


4 


14442^ 


6921-2 


6918-0 \ 
6917-1/ 


5 


14451^ 






6917-4 \ 
6916-5 / 


6917-8 i 
6917-0 / 


5 


14463<^ 




69171 


6916-5 


2 


14464^ 










6914-4 


2 


14468^ 






♦6913-5 1 


♦69130 •) 


6913-1 \ 
6912-2/ 


6 


14461<2 






6912-8 \ 


6912-8 \ 


6 


14463^ 




69121 


6912-0 J 


6912-0 J 










6908-6 \ 
6907-5 / 


6908-2 \ 
69070 / 


6908-4 1 
6907-5 / 


6 


14471^^ 




6907-8 


6 


14473^ 






6904-5 \ 
6903-4 / 


6903-6 \ 
6902-5 / 


6904-0 \ 
69030/ 


6 


14480^ 




6903-2 


7 


14482^ 






6901-2 \ 
6899-9 / 


6899-4 \ 
6898-4 / 


6899-8 \ 
6898-9/ 


7 


14489<2 




r6899-0 
\ 6898-5 


8 


14491^ 




68970 V 
68960 / 


6895-6 \ 
6894-5 / 


6895-9 \ 
6896-0/ 


8 


14497^ 




/ 6895-4 
t. 6894-8 


9 


14499<2 




6893-6 \ 
6892-6 / 


6891-8 \ 
6890-8 / 


6892-3 \ 
6891-3/ 


10 


14605^ 




/ 6891-8 
\ 68910 


10 


14507^ 




6890-2 \ 
6889-2 / 


6888-2 \ 
68871 / 


6888-9 \ 
6887-9/ 


10 


14512<; 




68880 


9 


14514^ 




6887-2 


6886-9 \ 
6885-9 / 


6885-2 \ 
6884-3 / 


6886-7 \ 
6884-7 r 


9 


14519^ 


B 


6886-1 


8 


1462l€2 


6884-3 


6883-9 


68820 


6882-8t 


8 


14525<2 




6882-2 


6880-2 




t6888-0 


9 


145 




6878-2 


6877-9 


6877-9 


6878-9 


3 


14533^ 






6877-0 


6877-2 


6878-0 


6 


14636rf 






6876-9 


6876-0 


6876-6 


5 


14538^^ 






6875-0 


6875-3 


6874-5 


7 


14642^2 






6873-9 


6874-3 


6873-6 


6 


14644^2 






6873-0 


6873-4 


6872-7 


6 


14546^ 






6872-2 


6872-5 


6871-8 


6 


14648^; 






6871-5 


6871-5 


6871-2 


9 


14560^ 




68710 


6871-1 


6870-8 


6870-2 


9 


14561<^ 






6870-5 


. 68700 


6869-8 


6 


14662^ 




6869-9 


6869-8 
6869-2 


6869-7 


6869-0 
6868-8 


6 


14664^ 
14564^; 






6868-8 


6868-9 


6868-5 


6 


14665^ 






68681 


/ 68680 


68680 


6 


14566<; 




68671 


6867-5 


6867-5 


6867-8 


6 


14656^ 












' 6867-5 


6 


14567<? 








^k tS f%99 4 




6867-1 


12 


14658^ 








6867-1 




68670 
I 6866-8 


8 
4 


14668rf 
14559<i 




\ 




6866-7 


6866-5 


9 


14569<« 


\ 






6866-6 


4 


14569^ 








\ 6866-3 




6866-2 


9 


14560^ 



B due to Oxygen, Bgoroff. • Solar, Cornu. t due to water-vapour, Cornu. 



+ 'Raieisdl^e.* 
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Ant (Absobption) — eoitHnMed. 



Ang8tr5m 


Fievez 


Piazzi-Smyth 


Coma 


Intensity 


Osc. Freq. 


a 


ft 


c 


d 






65970 


6596-8 








15154ft 


6694-8 


6693-5 








15162ft 


6592-2 


6592-1 








15165ft 


6685-9 X 


6586-0 


6585-3 




6 


15179ft 




6585-3 


6584-4 




1 


15181ft 


6582-9 . 


65830 


6582-6 


• 


1 


15186ft 




6581-7 


6582-1 






15189ft 


6680-6 . 


65800 


6580-4 






15193ft 




6578-8 


6579-6 




2 


15196ft 




6576-1 








15202ft 




6575-0 








16206ft 


6573-6 X 


6674-1 


6573-8 




8 


16207ft 




65731 


6573-1 
6571-6 






15209ft 
16213<y 


66710 ' 


6570*7 \ 
6569-9 / 


6571-1 




6 


15216ft 
16217ft 




65690 


6568-5 




2 


16219ft 




6568-6 








15220ft 


6567-4 >' 


6567-4 
6566-0 
6564-6 


6567-7 




1 


16222ft 
16226ft 
15229ft 




6563-3 


6563-5 




6 


16232ft 




6562-5 


6562-8 




2 


15234ft 


C (6662-1 


6561-6 


6561-7) 










65600 


6560-0 




2 


16240ft 


6559-8 


6659-5 


6559-7 




4 


16241ft 


6558-4 


6658-0 


6558-4 






15244ft 


6557-6 




6557-8 




2 


n2i&ao 




6556-8 


6556-8 




1 


16247ft 


6666-2 


6555-7 


6555-8 
6554-7 




5 


15249(7 
15252(> 




6554-0 


6554-2 




1 


15253ft 




6653-0 








15266ft 




6552-6 








16257ft 




6562-4 


6552-4 




2 


16257ft 


6561-8 


6652-0 


6551-5 




6 


15258ft 


6550-7 


6561-0 
6547-9 


6550-8 




2 


15260ft 
15268ft 


6544-8 


6546-0 








15272ft 


6545-4 Fe 


6545-7 








16273ft 


66432 


6542-4 








16280ft 


6541-5 


6541-0 








15284ft 


6534-5 


6535-5 








15297ft 


65332 










15302a 


6531-7 


6530-0 








15309ft 


66300 


6530-4 
6529-5 
6528-5 
6526-3 
6525-8 
6525-1 








15309ft 
15310ft 
15313ft 
15318ft 
15319ft 
16321ft 


66231 


6523-5 






4 


15326ft 




6521-7 






2 


15329ft 




65210 






2 


16331ft 


6618 6 


65185 






4 


15337ft 



192 



AiB (Absorption) — oantinued. 



Angstrom 


Fievez 


Piazzi-Smyth 


Coma 


Intensity 


Osc. Freq. 


a 


ft 


c 


d 








65180 






2 


15338ft 


6617-6 


6517-1 






4 


15340ft 




6516-8 






3 


15340ft 




6516-0 






2 


16342ft 


6515-8 


6515-4 






6 


15344ft 




6514-7 






2 


15346ft 




6514-3 






2 


15346ft 


65141 


6513-5 






6 


16348ft 




6513-0 






2 


16349ft 


6511-6 


6512-1 






1 


16352ft 


6498 2 Ca 


6498-0 
6497-0 






4 


16385ft 
15387ft 


6496-3 Ba 


6496*1 
6495-4 






4 


15389ft 
16391ft 


6495-1 


6495-1 
6494-6 






6 


16392ft 
15393ft 


6494-2 Fe 


6494-2 
6493-7 








16394ft 
16395ft 


64930 


6493-2 








16396ft 


6492-4 Ga 


6492-7 
6492-2 
6491-7 






4 


15397ft 
15399ft 
15400ft 


64901 Fe 


6490-2 








16403ft 


6488-7 


6489-4 








15406ft 


6486*0 


6485-8 
6484-4 
6483-2 








15414ft 
15417ft 
15420ft 


6483-0 


64830 








15420ft 








6341-3t 


9 


16765^ 








6330-9 


2 


16793<i 








6328-6 \ 
6327-8/ 


2 


15797^ 








2 


167994 








6323-5 1 
6322-7 / 


3 


158094 








3 


168114 




6320-8 




6319-9 


3 


168184 








63190 


1 


168204 




6319-4 




6318-6\ 
6317-9/ 


5 


158214 




6318-4 




5 


158234 




6317-0 




6316-4 


3 


168274 




6316-9 




6316-2t 


9 


168284 




6316-7 




6315-2t 


10 


158304 








6314-3t 


9 


158324 




6314-4 \ 
6313-5 / 




6313-9 \ 
63131/ 


6 


158334 






6 


168354 




63120 




6311-7 


3 


168394 




6309-8 1 




6309-5 \ 


7 


168444 




> 




6309-1 \ 


3 


168454 




63091 J 




6308-7 J 


7 


168464 




^ 




6308-3t 


9 


168474 




6305-7 \ 
63050 / 




6305-4 \ 
6304-6/ 


8 


158664 






8 


168674 




63020 \ 
6301-2 / 




6301-6 \ 
6300-9/ 


9 


168644 






9 


168664 




6298-7 




62980 \ 
6297-3/ 


9 


168734 




62980 




9 


168764 



t due to water- vapour, Comu. 
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AiB (^ABSOBVTiOTsy-HSontinued. 



Angstr5m 
a 


Fievez 
b 


Piazzi-Smyth 
c 


Gomu 
d 


Intensity 


Osc. Freq. 


6296-9 


6297-1 


6296-2 


6296-6t 


8 


16S77d 








6296* If 


8 


16878<f 








6295*3 


3 


USSOd 


6294-2 


6295-5 


6295-0 


6294-8 \ 
6294-0/ 


4 


USSld 




6294*6 


6294-6 


1 


15883^ 








62935 


2 


16885^ 








6292-7 


3 


15887^? 




6292-8 


6292-7 


6291-8 \ 
6291*4t/ 


4 


15889^; 


6291-8 




6292*3 


2 


l5SdOd 


6290*3 


62920 


6291-9 


6291-0 


4 


16891^ 




6290*8 


6290*8 


6289-8t 
6289-6 


5 


16894d^ 
16896^ 




6289*7 


6289*6 


6289-0 \ 
6288*2/ 


3 
2 


16896^ 
16898^ 




62890 


6288*5 


62880t 


16899^ 








6286-7t 


} ' 


15902<2 


6286-7 


6287*3 


6286-9 


6286-6* 


15902<; 




6285*6 


6285-8 


62860t 


1 


15d06d 


6285-0 


6285*4 


6285-4 


6284-6t 


1 


15907<« 




6283*8 


6284-1 


6283*4 


2 


15910^2 




6283*0 


6283-2 


6282-6t 


2 


16912<; 








6281-6 


1 


15915^ 




6282-3 


6282-2 


6281-5 


3 


16915^ 








6281-3t 


8 


15916^ 




6281*5 


6281-9 


6280-8 


1 


unid 


/ 6281-8 


6280-8 


6281-3 


6280*9 
6279-8 


4 
2 


15919^ 
15919^ 






6280-2 


6280-4 


6279*5 


4 


15920<; 




6279-8 


6280*0 


6280-0 


6279-2 


4 


15921<; 




\*** 9 •^ ^^ 


6279*5 


6279-8 


6278-7 


4 


16922<^ 








6279-2 


6278-6J 


6 


16923^ 






6278*7 


6278-9 


6277-9 


8 


16924^ 




6278-4 


6278*4 


6278-4 


6277-7 


8 


15926<^ 




\Mml ■ V/ A 




6278-2 


6277*5 


1 


16925^ 


"i 






6278-0 


6277-2 


8 


15926<^ 


62771 


6277*6 


6277-4 


6276*9 
6276*7 


10 
2 


15927<; 
16927^ 




> 


6277-1 




6276*4 


4 


15928<2 






6277-0 


6276*9 T 


6276*2 


9 


15928^ 






6276-8 


6276*8 K 












6276*7 


6276-6J 


6276*1 
6276*8 


6 
4 


I6929d 
15930<; 




^ 6276-3 
5967-3 

6965-2 

5957-2 
5955-6 


\ 


6276*2 
6275-9 
5967*8 
6966*8 
5966*4 
59650 
5964*5 
5964.0 
5958*0 
5957*4 
5957*0 
59560 
5955-5 


6276-1 
6275-7 


6275-6 
6275*4 


6 
7 
2 
4 
2 
2 
1 
2 
6 
6 
6 
6 
1 


16930^ 
15931^ 
16762& 
16764& 
16756& 
16759J 
16761J 
16762& 
16779& 
16781J 
16782& 
16785& 
1 16786& 




o, due to Ox 


yjr< 


m, Egorofl. • 


• Raie isol6e. 


t Due to water-vapoui 


', Cornu. X ! 


3oIar, Cornu. 
O 
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Air (ABBonTTioif)^eonti?iued. 



" ADgstrom 
a 


Fievez 
b 


Piazzi-Smyth 
c 


Intensity 


Osc. Freq. 


6953-9 } 


59640 




1 


16790& 


69520 




5952-4 




1 


16796ft 






5951-5 




6 


16797& 


6950-4 




5950-3 




1 


16801ft 




6949-5 




1 


16803ft 




59490 




3 


16804ft 




5948-7 




3 


16806ft 


6948-4 \ 


5948-2 




6 


16807ft 


5947-6 Fe 




5947-6 1 


1 


16808ft 






5946-8 




6 


16811ft 


6946-0 




69460 




1 


16813ft 


69450 




69450 




5 


16816ft 






5944-4 




4 


16817ft 






5944-0 


4 


16819ft 


6943-6 




5943-4 ; 


4 


16820ft 






69430 




4 


16825ft 


6941-7 




694i-6 




6 


16826ft 


\ 


5941-3 




1 


16827ft 


6940-9 


■ 


5940-7 


6 


16828ft 


6940-4 




5940-0 




6 


16830ft 






5939-5 




1 


16832ft 






5939-0 


1 


16833ft 


6937-4 




5937-4 1 


1 


16837ft 






5934-5 


1 


16846ft 


6935 




59340 


1 


16847ft 






5933-4 


5 


16849ft 


6931-8 




5932-6 


1 


16851ft 


5931-2 / ! 6931-2 i 


1 


16855ft 


5930-5 


2 


16857ft 




6928-7 




6 


16862ft 


6928-3 




4 


16863ft 




5926-7 




1 


16868ft 


69240 . 


6926-3 




4 


16869ft 


69230 


5923-6 




1 


16877ft 


1 5922-2 1 ; 5 


16881ft 


6921-7 


5921-9 1 6 


16882ft 


5920-8 ' 


5920-7 1 1 


16885ft 




5920-4 1 1 


16886ft 


5919-1 ) 




5919-5 


1 


16888ft 


5918-4 




59180 


8 


16893ft 


5917-5 




5917-5 


8 


16894ft 




59170 


8 


16896ft 


5915-6 


5915-6 




16900ft 




59151 


' 


16901ft 


6914-6 


5914-9 


1 


16902ft 




5914-3 


1 


16903ft 


6913-3 


5913-4 


i 10 


16906ft 


6912-1 


5912-3 




4 


16909ft 


5909 '7 




59100 


4 


16916ft 


59081 




6909-1 


1 


16918ft 


5907-2 j 




5908-8 


1 


16919ft 




59080 


2 


16921ft 




5907-5 


1 


16923ft 




5907-3 


1 


16923ft 




5906-7 ' 1 


16925ft 




1 


5906-2 




1 


16927ft 
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Air (Absobption) — continued. 



Angstrom 
a 


Fievez 
b 


Piazzi-Smyth 
c 


Intensity 
1 


Osc. Freq. 


t 


5905-8 




16928& 




5904-4 


5904-5 




16932^ 




5904-2 


5904-1 


2 


16932&C 


5902-7 


5902-5 


5902-9 


1 


16dS7bc 




5902-1 


5902-3 


1 


l69SSbc 


5901-4 


5901-3 


5901-0 


3 


16941&C 


5900-5 


5900-3 


5900-4 


6 


169442>(; 


1 
1 




5899-9 


1 


ledibc 


5899-1 Ti 


58990 


5898-8 
5898-7 


9 


lediJbc 
16948^ 




5898-3 


5898-3 


2 


16949^0 




5898-0 


5898-1 


2 


16950^^; 


58981 


5897-7 


5897-9 


3 


I6d51bc 






5897-4 


1 


16952^ 


58971 


5897-0 


5897-2 


8 


16953^^0 




5896-5 


5896-6 


4 


16954^(7 






5896-3 


1 


16956*. 




5896-0 


5895-9 


4 


16956&C 


5895-5 


5895*5 


5895-6 


4 


1 6957a Jc 


D25895-1 Na 


5895-0 


5895-1 


30 


16959a 


58950 


5894-4 


5894-4 


1 


16960^0 




58941 


58941 


1 


16962^^ 




5893-5 


5893-6 


2 


l69e3bo 




r 5892-7 
1 5892-2 


/ 5892-9 
\ 5892-4 


3 


16965hc 


5892-5 


3 


169e6bc 


58921 Ni 


5892-0 


5892-2 


4 


16967ftc 


58dl-6 


5891-8 


5891-7 


6 


16968^0 


5890-8 


5891-3 


5890-9 


9 


16970JC 




5890-7 


5890-7 


1 


16971&C 




5890-4 


5890-3 


3 


16972&C 




5889-9 






16973ft 


D,58891 Na 


5889-0 


5889-1 


30 


16976<? 


A 


5888-5 


5888-7 


12 


16977bc 




5887-4 


5887-9 


4 


16980bc 


5886-7 




5886-9 


6 


169S2C 




5886-1 


5886-3 


6 


1698450 




5885-9 


/ 5885-9 
\ 5885-2 


6 


1698550 


5885-3 




3 


16987/j 




5884-8 \ 
5884-4 / 




6 


169885 








169895 


5882-7 


5882-9 \ 
5882-5 / 




5 


169945 








169955 


5881-5 


/5881-6 
\5881-4 






169975 
169985 


5880-2 


5880-6 
5879-5 \ 
5879-2 ; 






170005 
170035 


58791 






170045 




5878-3 1 






170075 




5878-0 f 






170085 




5876-5 S 






170125 




5876-0 I 






170135 




5875-5 J 






170155 




68740 \ 
5873-6 J 






170195 


58740 






170205 



02 
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Bbohive (Absorption). 

Daniell and Miller, < Pogg. Ann.* xxviii. 386. 

Roscoe and Thorpe, * Phil. Trans.' 167, 209, 

Moser, * Pogg. Ann.' clx. p. 188. 

Hasselberg, * M6m. de TAcadfimie des Sc. de St. P6tersbourg,' xxvi. No. 4 (1878). 



Boscoe and 
Thorpe 


Hasselberg 


Intensity 
and 


Oscillation 


a 


ft 


Character 


Frequency 


6801-3 






14699a 


6777-2 






14751tf 


6723-6 






14869a 


66491 






16036a^ 


6681-3 






16190a 


6626*9 






16317a 


6468-9 




8 


15464a 


6466-4 




4 


16486a 


64130 




8 


16689a 


6401-0 




4 


15618a 


6372-6 




4 


15687a 


6360-5 




8 


15742a 


6336-7 




4 


16776a 


63121 




4 


15838a 


6292-8 




8 


15886a 


6275-4 




4 


15931a 


6268-9 




4 


15960a 


6240-2 




8 


16021a 


6223-3 




4 


16064a 


6190-9(b-) 


6188*6 


Is 


16154ft 


6169-7 






16204a 


61441 






16271a 


61190(b-) 


6117-9 


Ibo-s 


16341ft 


6101-4fb-) 


6098-8 


V 

2b 


16392ft 


6072-2 


6068-7 


Ib- 


16473ft 


6053-2 


6047-1 


Ib- 


16532ft 


6027-3 


6023-6 


Ib- 


16697ft 


6006-l(b-) 


6001-5 


4b 


16668ft 


5987-6(b-) 


5982-0 


lb 


16712ft 


5966-6(b-) 


69570 


2b 


16782ft 


5946-l(b-) 


6942-0 


lb 


16824ft 


6913-9(b-) 


5911-4 


lb 


16912ft 


6906-9 
5876-6 
6870-7 


5868-9 


2b- 

b- 

4b- 


16927a 
17016a 
17034ft 


6836-3(b-) 


6844-6 


4b 


17106ft 


5797-7(b-) 


6829-0 
5803-4 


6^0-4 

4b 


17161ft 
17226ft 


, 


6800-9 


4s 


17234ft 


6762-7(b-) 


6791-5 
5762-0 


2b- 
6b,., 


17262ft 
17350ft 


6727-6(b-) 

5694-4(b-) 
6660-4 


5726-8 
5723-6 
6698-0 
6688-6 
5686-8 
5667-1 
6667-4 
6652-0 
5648-3 


6b,., 

2b- 

2b- 

6b 

2s 

6b- 

6ba., 

2bo., 


17460ft 
17467ft 
17546ft 
17674ft 
17679ft 
17640ft 
17671ft 
17688ft 
17699ft 1 
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Bromine (Absorption)— c^wi^iw^i. 



Roscoe and 
Thorpe 

a 


Hasselberg 
b 


Intensity 

and 
Character 


Oscillation 
Frequency 


6634-8(bO 


5625-7 


6b,.,- 


17770 J 




6621-5 


8^., 


47783* 


6624'4(V) 


5618-5t 


8bo.2 


17793d 




56060 


b,.. 


178366 




6593 5 


2s 


178726 


! 66980 


5586-8 


8bo.,^ 


178946 




6584-3 


2s 


179026 


5680-6 


6574-2 


2bo.r 


179366 


6560-7 


5657 


8b/ 


179906 




6553-3 


2b- 


180026 


5566'8 


5650-4 


4b- 


180126 




6539-6 . 


6s 


180476 


55341 


6529-4 


8b,- 


180806 




6527-4 


4n 


180866 




6622-3 


6s 


181036 




6519-2* 


2s 


181136 




6516-8* 


Is 


181266 ; 


5610-3 


5504-9 


6bo.,- 


181606 




6502-5 


2b 


181686 


5601-3 


5496-8 


2s 


181906 


6483-8 




b» 


182306 


«476-8 


6480-7 


6b,./ 


182416 




5477-9 


6s 


182606 




6473 6 


2s 


182656 




64690 


2s 


182806 


64601 


5460-2 


8b/ 


183096 




5456-8§ 


2s 


183206 




5464'3 


In 


183296 




5451-7 


6s 


183386 




6449-3» 


2s 


183466 




6446-6 


6b 


183586 




6444-0 


2s 


183676 


6439-9 


5435-8-1 


8bo./ 


183916 




5432-4 


lObo./ 


184036 


^ 


64210 


28 


184416 




5419-9 


Is 


384456 


6418-2 


5412-1 


6bo./ 


184726 




5412-1 


8s 


184726 




54100 


6bo., 


184796 




5407-8* 


4s 


184866 


6403-2(bO 


5400-6 


28 


185116 




5392-6 


2bo./ 


185386 




5392-6 


W V 

6s 


185386 


5380-3 


5391-0* 


83 


185446 




5388-3 


lb,., 


185536 




5384-6 


Ibos 


186666 




5380-2* 


V m 

4s 


186816 




5377-4 


4s 


185916 




5373-6 


4s 


186046 




5370-4 


*bo.»' 


186166 


5366-8 


5361-6 


w w 

6s 


186466 




53581 


6b,- 


186586 


- 


6356-9 


2s 


186626 




5352-4t 


2b... 


186786 



§ Triple. 



• Double. 



t A mass of fine lines. 
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Bromine (Absokption) — continued. 



Rosooe and 
Thorpe 

a 


Hasselberg 
b 


Intensity 

and 
Character 


Oscillation 
Frequency 




5346-9 


2bo.,' 


18696J 




5342-7 


2s 


18712& 


5347-5(bO 


5342-2 


8bo.. 


• 18713J 


6337-4 


5336-1 


Is 


18736J 




5331-4 


2V 


18761* 




5326-7 


2s 


18768J 




5318-5 


4b/ 


18797ft 




5318-6 


4s 


18797ft 




6315-7 


2s 


18807ft 




5312-5 


4bo.2 


18818ft 


5306-8(bO 


5308-4 


6b.., 


18832ft 


6298-7(b^) 


6302-2 


7bo.. 18854& 




5301 -If 


8s 


18868ft 




5289-3 


b/ 


18900ft 


6292-2 


5289-3 


48 , 18900ft 




5287-5 


fibo-s 


18907ft 




5283-5 


6bo., 18921J 


6274-6(bO 


5279-7 


4b 


18935ft 




5276-1 


2s 


18948ft 




5271-8 


48 


18963ft 


5258-8(bO 


5265-7 


b 


18985ft 




5259-4* 


2s 


19008ft 




5256-3t 


s 


19019ft 


52441 


5248-8 


ebo-s" 


19046ft 


• 


5246-6§ 


s 


19054ft 




5243-2* 


4s. 


19066ft 




6241-9 


4s 




19071ft 




5239-6 


4s 


■2b 


19080ft 




5237-4 


4s 




19088ft 




5234-8 


4n 




19098ft 




5224-1 


28 


19137ft 




5221-8 


6bo.2 


19145ft 




5219-4* 


2s 


19164ft 




5211-2 


6s 


19184ft 




5208-Ot 


6b„.,- 


19196ft 



♦ Double. 



t A mass of fine lines. 



§ Triple. 



Chlorine (Absorption). 

Morren, * Pogg. Ann.* xxxvii. 165. 

Chlorine Oxides (Absorption). 

Miller, * Phil. Mag.* (3) xxvii. 81. 
Gernez, * Compt. Rend.' Ixxiv. 804. 



Dysprosium (Absorption). 

Lecoq de Boisbaudran, * Compt. Bend. cii. 1005. 
7630 I 4616 
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DiDYMiuM Chloride (Absorption). 

Bahr and Bunsen, * Pogg. Ann.' civ. 366 ; * Phil. Mag.' 412, 527. 

Lecoqde Boisbaudran, * Spectres Lumineux,' Paris, 1874; 'Compt. Rend.' cv.276 (1887). 

Von Welsbach, * Sitzunsb. Wien. Akad.' xcii. 1886. 

Crookes, * Chem. News,' liv. 27. 

Schuster and Bailey, * B. A. Report,' 1883. 

H. Becquerel, * Compt. Rend' civ. 777, 1691; cvi. 106; * Chem. News,' liii. 77. 



Bahr and 
Bunsen 


Lecoq de 
Boisbaudran 


Intensity and 


Oscillation 


a 


b 


Character 


* Frequency 






f 7430t 


4) 


134566 


7220 


€ ■ 


7360t 


6 


•b,«^ 


13583J 






7307+ 


8j 




13682& 




6894t 


4n 


14501& 


56730 


e6792t 


7b. 


14719& 




6720t 


In 


148776 




6363 


2n 


157116 


6280 


6282 


In 


169146 


6220 


6225 


3n 


160606 


6920 


/5962* 


Sbal 




167686 




'5820 


6885* 


3b, 




169876 






J 5824t 


4bs 


,b,/ 


171656 


a. 




" 1 67881 


lObj 


r 


172726 




5750 


5747t 


10b, 




173956 




.5730 


V5719t 


.98 . 




174806 


5300 




5312t 


3b2 




188206 


«r5230 
^\5200 


&■ 


5219t 


lObj 


•bi/ 


191556 




6206t 


9b, 




192066 


6170 




3b» 


193376 


6100 


5 /5l25t 
* \6087t 


6b,; 


196066 


6010 


3b, 


196626 


4810 


74822* 


8b, 


207326 


4760 


i4768 


6b, 


210116 


4710 


f4691* 


8b, 


213116 




4618 


lb. 


216486 


4440 


174441* 


7b. 


226116 




4275t 


3b, 


233866 



* ' Praseodidymium.' t ' Neodidymium ; * von Welsbach. 

According to Lecoq de Boisbaudran, 4698 does not belong to Praseodidymium, and there are alio bands 
belonging to Neodidymium at 4640, 4300, and 4734, 4768. 



Erbium Chloride (Absorption). 

Bahr and Bunsen, * Pogg. Ann.' civ. 366 ; * Phil. Mag.' 412, 527. 
Lecoq de Boisbaudran, * Spectres Lumineux,' Paris, 1874. 



Bahr and 
Bunsen 



a 



6730 

6600 

76500 

6360 



{ 



Lecoq de 
Boisbaudran 



6986 
€6837 
tj6670 
/36634 

6492 
16404 



Intensity and 
Character 



1 

eb^ 

4b, 
9b, 
3n 
6b, 



Oscillation 
Frequency 



143126 
146226 
149886 
163006 
153996 
166116 
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Erbium Chloride — eontinued. 



Bahr and 
BanBen 

a 


Lecoq de 
Boisbaudran 

6 


Intensity and 
Character 


Oscillation 
Frequency 


6501 

/B6440 

6390 

06230 

34900 

4639 


5490 
6433 

36409 

35363 
6278 

a6231 
6208 
6189 
4921 

74874 
4855 
4515 


lb, 

2n 

7n 

7n 

1 

9b, 

3n 

2n 

4b, 

9b, 

2n 

4b, 


18209^ 
18401^ 
18482^ 
18641& 
18941^ 
19111J 
191962^ 
19266^ 
20315^ 
20511b 
20691& 
22142^ 



HoLMiuM (Absorption). 

Lecoq de Boisbaudian, * Compt. Rend/ cii. 1003. 
6404 I 5363 



loDim (Absorption). 

Daniell and Miller, * Fogg. Ann.' xxviii. 386. . 

Morghen, • Beiblatter,' vui. 822 ; •Mem. della Soc. degU Sp. Ital. xiu. 127 (1884). 
Thal6n, 'Le Spectre d 'absorption de la vapeor d'lode/ Upsal, 1869. Swenska Wet. 
Akad. Handlingar, viii. 



Morghen 


Thal^n 


Intensity and 


Oscillation 


a 


a 


Character 


Frequency 


6799-4 


68340 


3b' 


14628d 




67780 


3b' 


14749& 


6741-2 


67390 


3b' 


148352» 




67240 


2b' 


148682^ 


66860 


66850 


3b' 


14954 J 




6647-5 


2b' 


UOiOb 


6638-3 


66340 


3b' 


15070ft 




65940 


2b' 


15161ft 


6687-6 


6682-5 


2b' 


15187ft 


6544-8 


65410 


4b' 


15284ft 




6532-5 


2b' 


15303ft 


6504-2 


6503-5 


3b' 


15372ft 


6494-7 


64930 


4b' 


15397ft 


6458-2 


64550 


4b' 


15487ft 


6448-6 


6446-6 


3b' 


15508ft 


6407-9 


64070 


4b' 


15603ft 


6400-6 


6399-5 


3b' 


15621ft 


6365-5 


6369-5 


2b' 


15695ft 


6559-4 


63610 


4b' 


157160 




6354-0 


lb' 


15733ft 


6321-7 i 


6322-6 


3b' 


15812ft 


6313-2 


6316-0 


3b' 


15828ft 


6274-1 


62760 


4b' 


15929ft 


«2«7-2 


62710 


3b' 


15942ft 




62320 


6b' 


16042ft 



20] 



lODiNB (Abbobption) — cotUiiwed. 



Morghen 


ThaMn 


Intensity and 


Oscillation 


a 


b 


Character 


Frequency 


6229-2 


6227-6 


2b' 


16063ft 




61900 


6b' 


16150& 


6187-4 


6186-5 


2b' 


16160* 


6148-6 


6148-5 


6b' 


16259ft 




61470 


lb' 


16263ft 


6108-3 


6110-0 


7b' 


16362ft 


6069-5 


6068-0 


7b' 


16475ft 


6031-6 


6029-5 


8b' 


16580ft 


6011-0 






16631a 


6991-4 


5991-5 


8b' 


16686ft 


69690 






16748ft 


6951-8 


5954-6 


7b' 


16789a 


6931-8 






16853a 




5918-0 


7b' 


16893ft 


6915-0 


69160 


lb' 


16898ft 


6898-4 






16949a 




5883-0 


6b' 


16993ft 


6879-5 


5880-0 


lb' 


17002ft 


6864-0 






17048a 


6848-2 


5848-5 


5b' 


17093ft 


6843-3 


5845-5 


lb' 


17102ft 


6816-5 


58160 


6b' 


17189ft 


68110 


58110 


lb' 


17204ft 




6808-5 


lb' 


17211ft 


6786-2 


57840 


4b' 


17284ft 


6778-6 


6776-5 


2b' 


17306ft 


6769-1 


6772-6 


2b' 


17318ft 


6749-8 


6763-0 


3b' 


17377ft 


6744-8 


5745-0 


6b' 


17401ft 


5732-3 


57380 


3b' 


17422ft 


5719-3 


5721-5 


2b' 


17473ft 


6713-8 


5713-5 


6b' 


17497ft 


5693-4 


5707-5 


4b' 


17516«l 


6686-2 . 


5683-0 


7b' 


17591ft 


6664-7 


5675-0 


5b' 


17616ft 


5656-4 


56530 


7b' 


17684ft 


5636-5 


6644-0 


6b' 


17713ft 


6625-4 


66250 


6b' 


17772ft 


6610-0 


66140 


6b' 


17807ft 


5597-5 


6597-6 


5b' 


17859ft 


56823 


5586-0 


6b' 


17897ft 


5667-0 


5671-0 


7b' 


17945ft 


6564-2 


5558-5 


7b' 


17985ft 


5540-6 


5645-0 


4b' 


18029ft 


65310 


5531-6 


8b' 


18073ft 


6514-8 


5521-0 


3b' 


18107ft 


6506-4 


5506-5 


8b' 


18158ft 


6488-1 


5496-5 


3b' 


18188ft 


6480-5 


54800 


9b' 


18243ft 


5462-3 


5473-0 


2b' 


18266ft 


6467-6 


54650 


7b' 


18326ft 




5449-5 


2b' 


18345ft 


5436-4 


6432-0 


7bT 


18404ft 


54120 


5409-5 


7b' 


18481ft 


5389-0 


5388-0 


6b' 


18558ft 


5366-4 


5366-0 


6b' 


18630ft 
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lODiNB Absobptioh — continued. 



' 


Morghen 


Thalen 


Intensity and 


Oscillation 




a 


b 


Character 


Frequency 


6344-6 


53460 


6b- 


18700* 




6324-4 


53260 


6b- 


18770* 




6304-3 


5307 


5b- 


18837ft 




6284-8 


62890 


4b- 


18901& 




6267-8 


62720 


4b- 


18962* 




6261-3 


5254-0 


4b- 


19027* 




6236-7 


62390 


4b- 


19082* 




6219-9 


6222-5 


4b- 


19142* 




6206-6 


5208-0 


3b- 


19196* 




6192-7 


51930 


3b- 


19251* 




6180-2 


5181-0 


3b- 


19296* 




6165-3 


5168-0 


3b- 


19344* 




51620 


51550 


3b- 


19393* 


1 
1 


5140-6 


5144-0 


2b- 


19434* 




6129-8 


5132-6 


2b- 


19478* 


1 


6120-5 


6122-0 


2b- 


19518* 


1 


6111-7 


61120 


2b- 


19656* 


1 

1 


5101-8 


5102-0 


2b- 


19694* 


1 

1 


5093-6 


5093-0 


Ib- 


19629* 




5086-6 






19654a 




50791 






19683a 


1 

1 


5072-0 






19710a 




6064-4 






19740a 




5057-0 






19779a 




6050-6 






19794a 


1 

1 


5044-8 






19816a 


1 


5038-6 






19841a 



Iodine Bromide (Absorption). 
Gemez, 'Comp. Bend.' Ixxiy. 1190. 



Iodine Monochloridb (Absorption). 

Roscoe and Thorpe, « Phil. Trans.' clxvii. 209. 



Roscoe and 


Intensity 

and 
Character 


Oscillation 


Roscoe and 


Intensity 

and 
Character 


Oscillation 


Thorpe 


Frequency 


Thorpe 


Frequency 


64751 


3b- 


15446 


6112-8 


3b' 


16354 


6442-9 


3b- 


16517 


6079-2 


3b- 


16444 


6421-3 


3b- 


15569 


6071-3 


3b- 


16466 


6383-7 


3b- 


15660 


6040-9 


3b- 


16549 


6372-6 


3b- 


15608 


6033-2 


3b- 


16689 


6324-9 


3b- 


15811 i 


6021-3 


4b- 


16603 


6318-0 


3b- 


15824 


6005-2 


8b- 


16647 


6266-8 


3b- 


15952 ! 


6995-9 


4b- 


16673 


6216-9 


3b- 


15909 ! 


5974-1 


4b- 


16734 


6181-5 


3b- 


16176 1 


5967-3 


8b- 


16781 


6167-9 


3b- 


16212 


5944-3 


4b- 


16818 


61550 


3b- 


16242 


5918-7 


3b- 


16890 


6122-6 


3b- 


16328 : 


59051 


3b- 


16930 
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Iodine Monochloride (Absorption) — continued. 



Roscoe and 


Intensity 


Oscillation 


Roscoe and 


Intensity 


Oscillation 


Thorpe 


and 
Character 


Frequency 


Thorpe 


Character 


Frequency 


6886-7 


3b' 


16983 


5600-7 


3b' 


17851 


5877-8 


3b' 


17008 


66900 


3b' 


17884 


5861-4 


3b' 


17056 


6672-0 


3b' 


17942 


5852-3 


3b' 


17082 


5561-3 


3b' 


17976 


5843-7 


3b' 


17108 


5652-9 


3b' 


18003 


5820-5 


8b' 


17176 


&635-4 


3b' 


18060 


5815-9 


4b' 


17189 


5623-6 


3b' 


18099 


5788-8 


8b' 


17270 


6608-4 


3b' 


18149 


; 57820 


4b' 


17290 


5501-3 


8b' 


18172 


' 5751-0 


3b' 


17383 


5482-6 


3b' 


18234 


5744-4 


2b' 


17403 


5469-5 


3b' 


18311 


5719-6 


8b' 


17479 


6435-1 


3b' 


18394 


5713-0 


4b' 


17499 


64121 


3b' 


18472 


56858 


3b' 


17582 


5394-3 


3b' 


18533 


5679-5 


3b' 


17602 


6368-1 


3b' 


18623 


: 5668-3 


3b' 


17668 


5349-8 


3b' 


18687 


i 56500 . 


3b' 


17694 


5330-0 


3b' 


18756 


6632-1 


3b' 


17750 


5316-5 


3b' 


18807 


5628-6 


3b' 


17760 


6295-0; 


3b' 


18880 


5618-4 

1 


3b' 


17793 i 

1 


5276-1 


3b' 


18948 



Nitrogen Peroxide (Absorption). 

Brewster, * Phil. Trans.' Edin. xii. 619; * Pogg. Ann.' xxviii. 385, xxxvii. 50 ; 'Phil. 
Trans.' Lond. cl. 157 (1860). 

Morren, * Pogg. Ann.* cxli. 167. 
Moser, * Pogg. Ann.' clx. 177. 
Gemez, * Compt. Bend.' ci. 43. 
Hasselberg, * Mem. de. St. P6t.' xxvi. No. 4. 
Bell, * Am. J.' vil. 32 (1885). 



Hasselberg 



6853-7 
6827-5 
6808-7 
6794-0 
6772-5 
6766-3 
6742-4 
6734-6 
6725-8 
6710-7 
6695-3 
66890 
6678-3 
6658-9 
65580 
6552-7 
65460 



Intensity and 
Character 



4s 
Is 
2s 
4n 
2b, 
4s 
2b 
6n 

48 

2s 

4b, 

2n 

4b, 

2s 

In 

Is 

In 



}b,.. 



O'l 



0*8 



0-S 



Oscillation 


Hasselberg 


Intensity and 


Oscillation 


Frequency 


Character 


Frequency 


14586 


66260* 


Is 


15319 


14642 


6516-6 


2s 


15343 


14683\ 
14715/ 


6509-8 


2s 


15357 


6502-3 


lbo.4 


16375 


14761 


6488-5 


2bo.«^ 


15407 


14775 


6474-7 


6b,' 


15440 


14827 


6468-1 


6bo.e 


15456 


14844 


64610 


6bo., 


15473 


14864 


6454-8 


2boM 


16488 


14897 


6448-2 


4bo., 


15504 


14931 


6438-2* 


Is 


15528 


14946 


6433-2 


4s 


15540 


14969 


6424-7 


4n 


15560 


15013 


6417-3 


4b2' 


15578 


16244 


6412-1 


Is 


15591 


15256 


64070 


In 


15603 


15272 


6397-5 


Is 


15626 



* Double. 
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Nitrogen Pbboxidb (Abborption)- continued. 



Hasselberg 


Intensity and 
Character 


Oscillation 
Frequency 


Hasselberg 


Intensity and 
Cliaracter 


Oscillation 
Frequency 


6377-7 


4b,.,. 


16675 


5984-6 


4s 


16705 


6367-2 


2n 


15701 


6977-5 


4bo., 


16724 


63601 


4bo.| 


15718 


5972-6 


4s 


16738 


6353-3 


2s 


16736 


6969-3 


2s 


16747 


6360-9 


In 


15741 


6962-2 


6n 


16767 


63410 


2bo.,' 


16766 ' 


69670 


4s 


16782 


6334-2 


4bo., 


16783 


1 5947-5 


4b'^ 


16809 


6321-5 


4s ) 




16814 ; 


6944-8 


6b,., 


16815 


6316-3 


4b, 




16827 


5936-0 


6b,.,- 


16842 


6311-2 


4 




16840 1 


5933-7 


6a 


16848 


63061 


Is 


16866 ! 


69281 


10b„., 


16864 


6297-8 


Is 


15874 


6924-4 


4s 


16875 


6290-0 


4n 


16894 


6920-4 


8b,., 


16886 


6268-7 


Is 


16948 


5916-3 


6b,., 


16900 


6263-4 


4s 


16961 


5912-6 


fib,, 


16908 


6259-2 


2s 


16972 


5902-7 


6b, ) 


16937 


6266-8 


4s 


16982 


5898-3 


7s . 
6b,./ ) 


16949 


6260-7* 


6s 


15994 


5892-2 


16967 


6242-3 


2s 


16016 


5877-9 


4s 


17008 


6236-7 


6s 


16029 


5873-2 


In 


17022 


6232-3 


4s 


16041 


5864-2 


Ibo*'' 


17048 


6224-9 


4n 


16060 


5859-6 


lb,.5 


17061 


6212-2 


lb,..' 


V 


16093 


6853-9 


w •* 

6n ) 




17077 


6206-3 


2bo.«^ 


■ 


16110 


5860-5 


4bo.T ■ 




17087 


6201-6 


6bo.5'' 




16121 


5845-2 


48 J 




17103 


6194-8 


2bo., 


16139 


5840-4 


Is 


17117 


6186-6 


Is 


16169 


58370 


6s 


17127 


6176-8 


6b,., 


16188 


6828-7 


In 


17151 


6171-8 


4s 


16199 


5819-0 


Is 


17180 


6165-3 


6bo./ 


16216 


6814-4 


ibo-r 


17194 


6164-7 


8b,. 1 


16219 


5807-5 


V m 

Is 


17214 


6160-6 


4s 


16227 


5803-0 


Ibo.. 


17227 


6165-5 


6n 


16241 


5791-3 


ib,.a 

8s ) 


17262 


6141-3 


6b' 


16278 


6789-8 


17267 


6136-2 


4bo., 


16292 


5776-7 


6s 


17306 


6126-4 


12b,./ 




16318 


6770-2 


6s 


17325 


6121-2 


8b,., 


b,.. 


16332 


5768-1 


Is 


17332 


6114-6 


^\'i> 




16352 


6752-5 


8s 


17379 


61100 


23 


16362 


5747-8* 


6s 


17393 


6107-8 


4s 


16368 


5742-6 


In 


17408 


6090-4* 


2s 


16414 


5737-1 


4s 


17426 


6084-3 


48 


16431 


6734-2 


Is 


17434 


6079-2 


2s 


16445 


5729-4 


8b,., \ 


17449 


60680 


2b 


16475 


5719-8 


4b, 


■bi-. 


17478 


6066-8 


6s 


16508 


6709-2 


3b,./ 


17510 


6062-3 


4b' 


16518 


5708-2 


4b,.- , 




17613 


6039-4t 


2bo.8 


16553 


5706-4 


Sbo-a' 


17619 


6028-3t 


lbo.g) 
4s 


16583 


5699-5 


*bo./ 


17640 


6023-3 


16597 


! 5692-3* 


Is 


17562 


6018-6 


6s 


16610 


5689-3 


4s 1 
lb,./ J 


17672 


60160 


Is 


16617 


56893 


17572 


6013-4 


6b,.j 


16625 


1 5683-8 


V m 

4s 




17688 


6002-5 


6b,./ 


16665 


5679-5 


6b,./ 


•b,.. 


17602 


59971 


6b,., 


16670 


5670-7 


4b,- 


1 • 


17630 


5989-1 


4bo., 


16692 


5663-9 


4b,./ 


17660 




* DoubL 


e. 




t A ma 


LSK nf Ann 


linps 
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NiTRoaBN Peboxidb (Absohption)— e0n^*n«(^<f. 




HasRolberg 


Intensity and 
Character 


Oscillation 
Frequency 


Hasselberg 


Intensity and 
Character 


Oscillation 
Frequency 


56530 


8bo./l 


17684 


6384-3 


8b,., 


18567 


5648-1 


6s 1 


17700 


6379-2 


8b,., 


18686 


6644-6 


10bo.,I»*» 


17711 


63761 


4s 


18595 


5642-1 


10bo.,J 


17719 


6363-7 


eb,., 


18638 


5635-7 


8b,., J 
8bo., f 


17739 


6360-6 


4bo., 


18649 


5633-0 


17747 


5349-1 


Is >! 


18689 


6627-9* 


2s 


17762 


6345-4 


4s 1 


18702 


56240 


4s 


17776 


53430 


lb,., r^'' 


18710 


56165 


lbo.4 


17799 


5342-6 


18712 


§5610-1 


Is 


17820 


6339-3 


8boM 


18723 


♦5606-4 


Is 


17831 


63360 


Is J 


18736 


5602-1 


Is 


17845 


63341 


2b/) 




18742 


5600-2 


4s 


17851 


6332-4 


6n • 


b 


18748 


55880 


4n 


17890 


53251 


6s , 


"« 


18773 


56799 


6n 


17916 


5321-6 


4s J 




18786 


5572-5 


Is 


17939 


5312-8 


2bo.5' ) u 
6bo./f^»-* 


18817 


5564-6* 


4s I 
Ibo-,' f 


17966 


5304-6 


18846 ' 


5564-5 


17966 


5294-0 


4b/ \ 




18883 


5557-0 


4s 


17990 


5288-2 


6s 




18904 


5553-5 


4n 


18001 


5286-6 


6n 


hbji 


18914 


5650-9 


4s 


18009 


5279-8 


6bo., 


18935 


5542-8 


Ibo./) 
Ibo-a' i 


18036 


6277-8 


4s 




18942 


5540-3 


18044 


62730 


4b/ J 




18959 


5537-8 


IboM 


18053 


5270-7 


6b,./ 




18967 


5530-5 


8bo.r 


18076 


6263-6 


10b,, 




18992 


6528-2 


SboM 


18084 


5259-2 


8n 


■bj-B 


19009 


6522-2 


6bo.r 


18103 


6261-3 


12b,., 




19037 


5616«1 


lbo.» 


18123 


5242-8t 


8b,./ 




19068 


5502-5 


48 \ 


18168 


6240-2 


8s 


19077 


5491-5 


6n 




18205 


6229-6 


8s ) 
8b,./; 


19116 


5489-7 


8bi./ 


.b,./ 


18211 


5224-1 


19137 


6485-3 


4bo./ 


18226 


62190 


8s ) 
8b,./ i 


19166 


5480-8 


4n 




18240 


6214-8 


19171 


5476-5 


4n 




18254 


6207-0 


10b,., 


19199 


5471-4 


6b„.// 


18272 


6199-9 


6b,..) 
10s f 


19226 


54690 


6n 


18279 


5199-7 


19226 


5465-9 


4s 


18290 


61950 


10b,./ 


19244 


5462-4 


8b' V 


18302 


5190-8 


10b,./ 


19259 


; 5451-2 


8n 




18339 


5185-6 


4b,.s 


19279 


5448-6 


Is 


•b. 


18348 


5178-4t 


6b,./ 


19.S05 


5440-2 


4n 




18376 


6176-6 


4s 


19312 


5432-9 


2bW 


18401 


61721 


6b,., 


19329 


5430-3 


8s X 


18410 


6164-0* 


Is 


19359 


5428-5 


18416 


6157-11 




Is ] 




19386 


6421-8 


4s \ 


18439 


51651 


• 


lbo-4 


bo.4 


19393 


5421-8 


4bo.s' 


18439 


5154-6 




4s J 




19394 


6420-0 


6s -bo.g 


18445 


5145-0 


In 


19431 


5417-5 


4s 


18453 


5137-1 


2b' 


19461 


5415-7 


2s ^ 


18459 


5124-8 


2bra 


19507 


5411-6 


Is 


18473 


6124-0 


8b,., 


19510 


6404-7 


2s? 


18497 


6122-0 


2s b,., 


19518 


5399-5 


4n 


18515 


6121-2 


6s 


19621 


5392-5 


8bo-s 


18539 


5119-4 


4s ) 


19628 


5389-4 


8s 


18549 


5117-5§ 


Is ^ 


19536 


1 63870 


2s 






18567 


5111-7 




6n 


1 


19557 



* Double. 



t A mass of fine Uncs. 



§ Triple. 
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Nitrogen Peroxide (Absorption)— c^yn^mw^'^f. 



Haiwelberg 


Intensity and 
Character 


Ocillation 
Frequency 


Hasselberg 


Intensity and 
Character 


Oscillation 
Frequency 


5103-7 


2bo., f-b,.2 


19588 


4856-7 


Is 


20684 i 


5100-7 


Is 


19599 


4864-7 


Is : 20593 


5095-2 


8bo./J 


19620 


4849-9 


2bp.,- 20613 


5092-9 


4s 


19626 


4846-9 


4b 20626 


5089-7 


4b.., 


19641 


4843-4 


4n I ' 20641 
4bo.,- ) 20649 


5086-9 


2bo., 


19653 


4841-5 


5083-1 


4bo., 


19667 


4839-2 


4bo., 20658 


6076-6 


4s 


19692 


4835-8 


2s 


20673 


6073-5 


Is 


12704 


4831-0 


6b^ 


20694 


6066-2 


6b„.2 


19733 1 


4828-0 


2b,' \ . 


20707 


5063-6 


4b,., 


19743 1 


4820-0 


2n 




20741 


5061-2t 


6b' 


19752 


4817-2 


2n 




20753 


5050-5 


6b,., |. 


19794 


4S14-3 


2n* 




20765 


5045-7 


19813 


4812-0 


8n 


:U 


20775 


5042-8 


4s 




19824 


48101 


6n /"»•* 


20784 


5041-2 


6s 


•b.4 


19831 


4807-2 


4n 




20796 


50400 


IboM^ 




19835 


4802-8 


4n 




20SH 


5035-1 


Is 


19855 


4797-2 


lOn 

8bo.,V 


20839 


50320 


8s,bo.,' 


19867 


i 4792-8 


20859 


5027-2 


10b..j 


19886 


1 4787-4 


2s 


20882 


5024-1 


4s 


19898 


1 4783-6 


Is 


20898 


5022-3 


2s b, 


19905 


4778-8 


6bo., ' 


20920 


5020 8 


Is 


19911 


4775-2 


4bo.2 


20935 


5018-8 


Is f 


19919 


4764-8 


6bo., 


20981 


5009-6 


6bo., 


19956 1 


4760-3 


4bo., 


21001 


5003-3 


Is 


19981 


4757-6 


4bo., 


21013 


5001-1 


4n 


19990 


4753-5 


6ii i 
8b..,- f 


21031 


4998-1 


2n 


20002 


4746-6 


21061 


4978-2 


4n 


20082 


4744-7 


4s 21070 


4974-7 


2s 


20096 


4738-4 


6bo.»^ ) ' 21098 
4b..,- ^ . 21108 


4965-6 


lOn 




20132 


4736-1 


4963-8 


8bo.,- 


b,.,' 


20140 


4731-1 


6s 


21130 


4960-7 


6bo.,- 




20152 


4728-1 


4s 


21144 


4953-9 


6bo., 


20180 


4721-7 


4b ▼ 


21173 


4946-2 


Sbo-O 




20211 


4718-0 


6s \ 


21189 


4944-3 


6s 


b,.2- 


20219 


4715-7 


4b../) 21199 


4941-7 


8b,- 


20230 


4714-5 


4b..,' 1 21205 


4937-8 


6b- J 




20246 


4710-2 


6b.., i 21224 


4931-3 


4b- i '^••* 


20272 


4708-1 


4s ) 




21234 


4929-5 


20280 


4702-2 


4b...- 


b, 


21260 


4917-8 


4n ) 
6b,.,- f 


20328 


4698-5 


2b..,- 


21277 1 


4915-Ot 


20340 


4694-0 


4b.., 


21297 


49120 


2bo., 


20352 


4687-5 


4b.., 21327 


4907-7 


4bo., 


20370 


4683-7 


4b- 1 21344 


4903-0 


8bo« 


20389 


4679-7 


lOb... 1 21363 


4896-0 


4b- \ 


20419 


4675-2 


4n 21383 


4891-5 


6bo.5 


20437 


4665-3 


6b,- 21428 


4885-5 


obj.j V^Z'S 


20463 


4662-9 


4n 


21439 


4882-3 


8bo, 




20476 


4659-5 


2n 


21455 


4874-0 


Ibo-.^ 




20511 


4656-8 


4n 


21468 


4867-6 


2n 


20538 


4643-8 


10b...-] 


21528 


4865-3 


2s 


20548 


4640-9 


6b.., • b. 


21541 


4860-6 


2b„., 


20568 


4630-6 


6b,- J 


21589 



t A mass of fine lines, 
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Oxygen (Absorption). 

Janssen, ' Compt. Rend.' cii. 1352 (1886); cvl. 1118 (1888). 
Liveing and Dewar, *Phil. Mag.' Sept. 1888. 
See also * Air (Absorption).' 



Potassium Peemanganate (Absorption). 

Lecoq de Boisbaudran, * Spectres Lumineux,' Paris, 1874. 



Lecoq de 
Boisbaudran 


Intensity and 
Character 


Oscillation 
Frequency 


Lecoq de 
Boisbaudran 


Intensity and 
Character 


Oscillation 
Frequency 


56703 
o5465 
/35246 
7504.") 


7b,2 
9b„ 
9bj, 
7b8 


17529 
18293 
19056 
19816 


c4861 
4694 
4543 


3b, 
lb. 
lb. 


20565 
21297 
22005 



Thulium Nitrate (Absorption). 

Thal6n, * Oefvers. Kongl. Vet. Ak. Forhandl.' Stockholm, 1881, No. 6. 
6840 I b II 4650 | b | 



Water (Absorption). 

Angstrom, * Spectre Solaire,' 38. 
See also * Air (Absorption).' 



Crookes 



6675-6 
6629-9 
6475-6 
6209-5 
6179-7 
5976-2 
5790-8 
6736-9 
56700 



Phosphorescent Spectra. 
Ytteia. 

Crookes, * Phil. Trans.' 1886 ; < Ann. Chim. Phys.' (6) III. p. 145. 



Intensity and 
Character 



2b 

2b 

3b8 

lb, 

6b2 

lb 

Ibg 

lObg 

2b, 



Oscillation 


Crookes 


Intensity and 


Oscillation 


Frequency 


Character 


Frequency 


14975 


5491-5 


8b, 


18205 


15079 


5399-5 


7b, 


18515 


15438 


5373-3 


2b, 


18605 


16100 


5177-8 


lb 


19308 


16177 


4932-0 


4b 


20279 


16728 


4824-7 


4b' 


20721 


17264 


4449-1 


4b 


22470 


17426 


4323-0 


4b 


23125 


17631 


1 
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Ebbia. 

Crookes, • Phil. Trans.' 1886. 



Crookes 


Intensity and 
Character 


Oscillation 
Frequency 


Crookes 


Intensity and 
Character 


Oscillation 
Frequency 


5564 
5450 


4b 
3b 


17967 
18326 


5318 
1 6197 

1 


5b 
4b 


18798 
19236 



. Samabia. 
Crookes, « Phil. Trans.* 1885, Pt. II. 691. 



Crookes 


Intensity and 
Character 


Oscillation 
Frequency 


Crookes 


Intensity and 
Character 


Osdllation 
Frequency 


6402 
6093-7 


2b. 
10s 


15615 
16405 


5976 
5620 


4b. 
2b. 


16729 
17788 



APPENDIX. 



Cadmium. 

Bell, * Am. Jour. Science/ June, 1886 (based upon Rowland's Photographic Map of the 
Solar Spectrum). 

See also Liveing and Dewar, * Phil. Trans.* clxxix. 231 (1888). 



Spark 


Intensity and 
Character 


Oscillation 
Frequency 


Spark 


Intensity and 
Character 


Oscillation 
Frequency 


6438-77 


lOsc 


16526 


3249-40 


Ssc 


30766 


5379-22 


lOnc 


18585 


3084-28 


7sd 


32413 


5338-50 


lOnc 


18727 


2979-87 


7sc 


33548 


5086-09 


lOsc 


19666 


2880-25 


78C 


34709 


480015 


6sc 


20826 


2836-45 


7sc 


35244 


4678-39 


7sc 


21368 


2748-45 


9nc 


36372 


4414-19 


5sc 


22647 


2572-95 


9nc 


38854 


3611-75 


9no 


27679 


2329-22 


7sc 


42920 


3609-39 


lOnc 


27697 


2321-14 


9nc 


43070 


.3534 69 


4sd 


28282 


2312-83 


lOnc 


43224 


3466-70 


8nc 


28837 


228801 


9no 


43693 


3465-22 


lOnc 


28849 


2264-88 


9nc 


44140 


3402-68 


lOnc 


29380 


2264-42 




44148 


326012 


7sc 


30665 


2193-98 


8nc 


45564 


3251-77 


5sc 


30743 


2143-75 


8nc 


466J1 



Carbon Hydride and Carbon Oxide. 

Deslandres, « Ann. CHm. Phys.* (6) xiv. 257 (1888). 



Wave-length 



♦3893-1 
^38251 
3698-7 
3612-7 
3492-7 
3418-4 
3305-3 
3241-8 
3134-6 
3079-9 
2976-3 
2832-0 
2792-7 
2711-3 
2665-1 
2597-1 
2489-9 
2389-0 
2295-2 



Intensity and 
Character 



2s 
4b' 
2s 
6b' 
2s 
8b' 
4b' 
Sb' 
4b' 
10b' 
10b' 
10b' 
4b' 
8b' 
4b' 
2b' 
2b' 
2b' 



Oscillation 
Frequency 



25679 
26135 
27028 
27672 
28622 
29245 
30245 
30838 
31892 
32459 
33588 
35299 
35796 
36872 
37511 
38493 
40149 
41845 
43554 



Wave-length 





o 
o 



/ 2631 -5 
2599-0 
2568-2 
2566-8 
2538-7 
2524-1 
2510-8 
2492-7 
2484-2 
2463-3 
2458-8 
2435-0 
24250 
2407-4 
23940 
2381-5 
2364-8 
2356-3 
2337-7 



Intensity and 
Character 



4b^ 

6b^ 

4b' 

2s 

4b' 

4b' 

6b' 

4b' 

4b' 

4b' 

2s 

8b' 

6b' 

8b' 

6b' 

8b' 

6b' 

4b' 

6b' 



Oscillation 
Frequency 



37990 
38464 
38926 
89099 
39378 
S9606 
39816 
40104 
40241 
40583 
40657 
41054 
41224 
41525 
41757 
41976 
42272 
42427 
42766 



Second group. 
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Carbon Htdbidk and Carbon Oxidn— <MM»ti«Mi«<i. 



Wave-length 


Intensity and 
Character 


Oscillation 
Frequency 


Wave-length 


Intensity and 
Character 


Oscillation 
Frequency 




2332-5 


28 


42860 




21940 


4s 


45687 




2311-4 


8b' 


43251 




2188-1 


8b' 


46019 




2309-7 


4s 


43283 


■ 


2172-3 


8b' 


46244 


& 


2301-7 


28) 


43437 




2161-6 


8b' 


46499 


I 


2286-2 


8b' 


43727 


i 


2149-9 


8b' 


46790 


a 2273-5 


4b' 


43973 


»( 2136-6 


2s 


46981 


urth 


2261-6 


4b' 


44199 


1 


2127-8 


6b' 


41317 


2246-7 


4b' 


44496 


2112-7 


8b' 


47847 


£ 


2237-8 


4b' 


44673 


S 


2089-3 


8b' 


48367 




2220-7 


6b' 


45017 




2066-8 


6b' 


48872 




2215-3 


10b' 


45529 




12045-6 








2195-9 


2s 


45562 









Cobalt. 

Liveing and Dewar, *Fhil. Trans.' clzxiz. 231 (580 lines between 8,997 and 2,190). 



COPPEB. 

Trowbridge and Sabine, * Proceedings of the American Academy,* 1888 ; * Phil. Mag.' (6) 
zxvi. 342 (based upon Rowland's Photographic Map of the Solar Spectrum). 



Spark 


Intensity 




Spark 


Intensity 








Oq/*1 1 1 IlH ATI 






Oscillation 


Hartley and 
Adeney 


Trowbridge 
and Sabine 


and 
Character 


Frequency 


Hartley and 
Adeney 


Trowbridge 
and Sabine 


and 
Character 


Frequency 


a 


b 




b 


a 


b 




b 


23701 


2369-9 


9b' 


42182 


2232-2 


2231-0 


3sd 


44809 


2368-7 


2368-8 


2sd 


42205 


2231-2 


*2230-l 


5sd 


44829 


2365-8 




1 




22300 


♦2228-9 


5sd 


44851 


2357-2 


2356-7 


6sd 


42420 


2229-1 


2227-8 


3sd 


44873 


2355-0 


2355-2 


2sd 


42447 


2228-1 


2226-9 


3sd 


44891 


2346-2 


2346-2 


28d 


42591 


2227-0 


2225-7 


Isd 


44916 


2336-6 


2336-3 


3sd 


42790 


2226-0 


2224-8 


Isd 


44934 


2303-8 




Isd 




2219-3 


♦2218-2 


6sd 


45067 


2300-6 


2299-6 


Isd 


43421 


2218-5 




3nd 




2297-6 




Isd 




2216-5 


2216-3 


3nd 


46126 


22950 


*2294-4 


6sd 


43571 


2216-8 


2214-4 


3sd 


45146 


2294-6 


2293-9 


dsd 


43580 


2214-1 


2213-0 


2sd 


46173 


2291-4 


2291-1 


3sd 


43634 


2211-3 


♦2210-3 


6sd 


46228 


2286-7 


2286-7 


3sd 


43718 


2210-8 




3nd 




2279-6 


2278*4 


2sd 


43877 


2208-8 




2sd 




22770 


*2276-3 


6sd 


43917 


2200-3 


2200-6 


3sd 


45428 


2265-8 


2266-5 


28d 


44127 


2199-8 


*2199-8 


Ind 


45444 


2263-9 


*2263-9 


3nd 


44168 


2196-6 


2196-9 


3sd 


46604 


2263-2 


2263-2 


3nd 


44172 


21920 


♦2192-4 


6sd 


46698 


2267-7 


2256-1 


2sd 


44330 


2191-2 




Snd 




2260-0 


2249-0 


2sd 


44450 


2189-6 


♦2189-9 


6sd 


46660 


2248-2 


♦22470 


98d 


44490 


2188-5 




Snd 




2247-7 




3nd 




2181-0 


2181-8 


lad 


45819 


22440 


*2242-7 


98d 


44576 


2179-0 


♦2179-6 


5sd 


45867 


2243*5 




8nd 




21780 




Snd 




2233-0 


2231-7 


3sd 


44795 


2174-6 


2175-2 


3sd 


45968 



* Also arc-lines. 
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Copper — cotitinued. 



Spark 


Intensity 
and 




Spark 


Intensity 
and 




Hartley and 


Trowbridge 


Oscillation 
Frequency 


Hartley and 


Trowbridge 


Oscillation 
Frequency 


Adeney 


and Sabine 


Character 


Adeney 


and Sabine 


Character 


a 


b 




h 


a 


b 




b 


2148-8 


*2149-2 


3sd 


46522 




2062-7 


1 


48464 


2135-8 


*21361 


3sd 


46806 




20561 


2 


48643 


2134-2 


2134-6 


2nd 


46841 




20450 


2 


48863 


2124-4 


2126-2 


3sd 


47017 




2037-3 


2 


49068 


21240 


2125-3 


2nd 


47037 




2036 


2 


49099 


21221 


21231 


3sd 


47085 




2030-9 


1 


49222 


21^1-5 




2nd 






2025-7 


2 


49349 


21160 


2117-5 


2sd 


47210 




20160 


I 


49564 


2110-5 


2112-2 


2sd 


47328 


1 


2015-8 


1 


49591 


21030 


2104-9 


2sd 


47492 




2013-2 


1 


49655 




2098-6 


2 


47630 




1999-9 


2 


499S5 




2093-9 


1 


47742 




1989-4 


2 


50261 




2088-1 


2 


47874 




1979-4 


2 


50505 




2085-5 


2 


47934 




1970-4 


1 


50736 




2078-8 


2 


48088 




1944-1 


1 


51422 




20670 


1 


48363 
















• Alsoai 


fc-lines. 









Germanium. 

Kobb, * Wied. Ann/ xxix. 670 (1886). 



Spark 


Intensity and 
Character 


Oscillation 
Frequency 


Spark 


Intensity and 
Character 


Oscillation 
Frequency 


6336 




15779 


6131 


b 


19484 


6020 - 


10 


16606 


4813 


b 


20771 


5892 


10 


16967 


4742 


b 


21082 


6255-5 




19022 


4684-5 


4s 


21341 


5228-5 




19120 


4291 


4b 


23298 


5209 




19192 


4260-5 


4b 


23470 


6177-5 


b 


19309 


4225-5 




23659 


5134 




19472 


4178 


4 


23928 



Gold. 

Kriiss [Beiblatter, xi. 704 (1887)] finds that certain lines given by Lecoq de Boisbau- 
dran are due to imparities, viz. 6601 and 5210 to Palladiom, 6230 and 4442 to Platinum, 
and 4346 and 4062 to Nitrogen. See also DemarQay, * Oompt. Rend.' cvi. 1226. 



Hydrogen. 

Cornu, * Jour, de Physique/ (10) v. 341 (1886). 



Elementary 
Line Spectrum 


Oscillation 
Frequency 


Elementary' 
Line Spectrum 


Oscillation 
Frequency 


Elementary 
Line Spectrum 


Oscillation 
Frequency 


4101-0 
3968-9 
3887-8 
3834-5 


24377 
25188 
25720 
26071 


3796-9 
3769-4 
3749-8 


2G330 
26521 
26660 


3733-6 
3720-6 
3710-7 


26776 
26869 
26941 



P2 
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Htdbooen. (See p. 60.) 
Hasselberg, * Ball. Acad. Imp. St. P^tersb.' zi. 203 (1884). 



Compoand Line 






Compound Line 






Spectmin — HaaselbeTg 






Spectrum — Haaaelberg 








Intensity 
and 


Oscillation 




Intensity 


Oscillataon 










Eye 

Observation 


Pboto- 

1_4«. 


Character 


Frequency 


Eye 
Obeervation 


Photo- 


cUIU 

Character 


Frequency 


graphic 
Obeervation 






graphic 
Observation 






a 


b 






a 


6 






4497-6 


4497-4 


8n 


2222Sab 




4233-2 


2 


23616 




4495-9 


1 


222366 




4232-9 


2 


23617 




4494-3 


1 


22244» 




4232-1 


1 


23622 


4492-8 


4492-6 


2 


222b2a^ 




4226-8 


1 


23651 


4489-7 


4489-6 


3 


22267ab 




4223-9 


1 


23668 




4488-4 


1 


222736 




4223-4 


2 


23670 




4486-9 


2 


222816 




♦42220 


3 


23678 


4486-2 


44^-1 


3 


22289a6 




4221-6 


3 


23680 




4481-0 


1 


223106 




♦4211-8 


4 


23735 




4479-2 


1 


223196 




4211-3 


1 


23738 




4477-8 


1 


223266 




4209-5 


H 


23748 


4476-6 


4476-] 


2 


22333a6 




4208-5 


2 


23754 




4474-9 


1 


223406 




4205-5 


4 


23771 


4473-7 


4473-3 


2 


22347^6 




♦4204-4 


6 


23777 




4470-9 


1 


223606 




♦4199-2 


H 


23807 


4466-6 


4466-2 


2 


22383^6 




4197-7 


3i 

2 


23815 




44631 


1 


223996 




♦4195-0 


3i 


23831 


♦4460-6 


4460-3 


3 


22413^6 




4181-6 


3 


23907 


4468-6 


4458-2 


1 


22423^(6 




4179-5 


3 


23919 


4466-4 


4456-1 


2 


22i3iab 




41790 


2 


23922 


4455-3 


4454-9 


2 


224416 




41771 


2i 


23933 




4453-7 


1 


224476 




»4176-5 


6 


23937 


4452-6 


4452-2 


1 


22453^6 




4174-6 


3 


23948 


4450-3 


4450-1 


1 


22464a6 




♦4170-7 


4 


23970 


4449-2 


4449-1 


2 


22470*6 




4166-9 


1 


23992 


•4447-2 


44470 


3 


22480d^6 


/ 


4164-6 


^ 


24005 


4444-7 


4444-6 


2 


22492^6 




4163-0 


\i 


24014 


4443-6 


4443-5 


1 


22498^6 




♦4161-3 


2\ 


24024 




4442-2 


1 


225056 




4158-7 


2 


24039 




4440-7 


1 


225126 




♦4155-9 


3 


24055 




4425-2 


1 


225916 




4146-4 




24116 




4422-6 


1 


226046 




4144-8 




24120 




44220 


1 


226086 




4109-4 




24327 




4419-6 


1 


226206 




4108-7 




24331 




4418-7 


1 


226246 




4107-3 




24340 


4416-8 


4416-7 


2 


22634^6 




4107-1 




24341 


♦4411-7 


4411-7 


3 


22660a6 




4105-6 




24350 




4409-9 


1 


226706 




♦4101-2 




24376 




4400-2 


2 


22720 




4096-9 


u 


24402 




4390-3 


2 


22771 




4095-9 


« 


24407 




4388-5 


H 


22780 




4095-4 




24410 




4386-8 


1 


22789 




4094-9 




24413 




4378-8 


2 


22831 




4087-2 


Si 


24459 




4347-1 


5 


22997 




4084-7 


l| 


24474 




♦43401 


10 


23034 




4082-4 


s 


24488 




4338-3 


3 


23014 




4081-8 


14 


24492 




4242-7 


2 


23563 




4080-9 


M 


24497 




4235-9 


2 


23600 




4077-3 


5 


24519 



• Vogel 4469. 4448, 4 413, 4840. 4J20, 4210, 4201, 4195, 4193, 4174, 41«8, 4158 ? 4162 ? 4101, 40«7, 4065, 4050. 
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Hydboobn — eontinued. 



Compound Line 
Spectrum — Hasselberg 


Intensity 

and 
Character 


Oscillation 
Frequency 


Compound Line 
Spectrum — Hasselberg 


Intensity 

and 
Character 


Oscillation 
Frequency 


Eye 

Observation 

a 


Photo- 
graphic 
Observation 

b 


Eye 
Observation 

a 


Photo- 
graphic 
Observation 

b 




4073-6 

4072-4 

4070-7 

♦4069-2 


1 
1 

1* 


24541 
24548 
24559 
24568 




♦4066-4 
4064-7 
4063-2 

♦4062-1 


H 
1 

2 
3 


24584 
24595 
24604 
24612 



• Vogel 4469, 4448, 4413, 4340, 4S20, 4310, 4801, 4195, 4193, 4174, 4168, 4158? 4152 ? 4101, 4067, 4065, 4060. 



Nickel. 

Livelng and Dewar, *Phil. Trans/ clzxiz. 231 (480 lines between 3858 and 2174). 

NiTKOGEN. 







1 1 c«r»ov A K/\. 


>Xg, dIAV/'-U 


• AAVMAVit* t,JVm A 






""• •^'^' *" v- 








Positive Band Spectrum 


Intensity 


Oscillation 


Positive Band Spectrum 


Intensity 


Oscillation 










AngstrSm 
and Thal^n 


Hasselberg 


and 
Character 


Frequency 


AngstrOm 
and Thalen 


Hasselberg 


and 
Chai-acter 


Frequency 


a 


b 




b 


a 

1 


b 




b 


/^ 6621-8 


*6622-4 


4 


15096 


/6542-3 


♦6543-4 


4 


15278 






6618-7 


IJ 


15104 




r 


6539-8 


1 


15287 






6615-7 


1 


15111 






6636-0 


1 


15295 




6614-2 


6612-9 


3b' 


15118 




6533-8 


6633-4 


3 


15302 






6606-7 


2 


15132 






6627-7 


2i) 


15315 






6603-9 


li 


15138 






6624-9 


2 


■b 


15321 






6601-4 


i 


15144 






6622-0 


ill 


15328 






6598-7 


15150 






6519-9 




15333 






6595-4 


15158 






6616-6 


2 


15341 




6594-7 


6593-1 


3 


15163 




6516-3 


6514-4 


3 


15346 






6590-6 


li 


16169 






6512-6 


2 


15350 


a 




6687-4 \ 
65830/ 


2b 


15176 
15186 


b 




6609-3 \ 
6605-3 / 


2|b 


15358 
15368 






6580-1 


2i 


15193 




6501-7 


2 


15376 






6577-3 


H 


15199 






6499-1 


If 


15382 






6574-7 


^ 


15204 






6496-4 


15389 






6571-9 


2 


' 15212 






6493-7 


15395 






6569-1 


1 


15218 






6490-2 


16403 






6566-5 


1 


15224 






6488-1 


2 


15408 






6558-8 


1 


15242 






6485-7 


1 


15414 






6555-2 
6551-9 


1* 


15251 
15258 






6482-9 \ 
64800 / 


lb 


15420 
15428 


K 


6548-2 


n 


15267 






6477-5 


H 1 is^34 1 






•Ddo 


LOtes the chi 


ef lines whose 


wav< 


9-lengthi n 


rtre first deten 


mined. 
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NlTBOQBK— iMmfinii«/{. 



Positive Band Spectram 


Intensity 


Oscillation 


Positive Band Spectrum 


Intensity 


Oscillation 










Angstrom 
and Thal^n 


Haaselberg 


and 
Character 


Frequency 


Angstrdm 
andThal^n 


Haaselberg 


and 
Character 


Frequency 


a 


h 




h 


a 


h 




h 


I 


6474 1 


H 


15442 




6294*9 


6294-8 


3 


15881 


6470*8 


ij 


15450 






6293-2 


2 


16886 


/ 6466-6 


*6467-3 




15458 






6290-7 


1 


15892 






6464-4 




16465 


e 


6285-0 


1 


15906 






6460-3 




15475 


li/ 




6283-2 


2 


15911 




6458*6 


6467*5 




16481 






62810 


\\ 


15916 






6452-4 


ii}b' 


15494 






6278-3 


\\ 


15923 






6441-6 


16620 






6275-8 


2 


15932 




6440*6 


6439-6 


£■ : 


15525 






6273-3 


H 


15936 






6437-4 


1 ' 


15530 






6270-9 


2 


15942 






6434-3 




15537 


V 


6268-2 


1 ' 


15949 


"/ 


6429*4 




15549 


/ 6249-2 


♦6251-6 


2 


16991 




6427-1 




15566 






6248-3 


1 


16000 






6423-6 




15563 






6244-9 


1 


16008 






6422-2 




15566 




6242*6 


6242-2 


3 


16015 






6419-6 


H 


15573 






6236-5 


14 


16030 






6417*1 




15579 






6231*4 


1 


16043 






6414-4 


li 


16586 






6229-8 


1 


16047 






64091 


1 


15598 






6227-8 


1 


16052 






6403-3 




15612 




6226*6 


6225-7 


2 


16058 




> 


6400-6 




16619 


^; 




6224-3 


2 


16061 


\ 


6397-5 




16627 


f\ 


6221-6 


1 


16068 




/ 6392-6 
6384*8 

6366*8 


♦6393-2 
63900 
6386*8 
6383-6 
6378-3 
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* Denotes the chiel lines whose wave-lengths were first determined! 
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* Denotes the chief lines whose wave-lengths were first determined. 

t Groups « to if by eye obeervation. Groups a to o recorded by photography. 
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* Chief lines first determined. Groups a to J;' by eye observation. Groups a to o recorded by photography. 
' \ Strong triplets. 
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* Ohief lines first determined. Groups « to o recorded by photography. 
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* Chief lines first determined. Groups a to s recorded by pbotognphj. 
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• Chief lines fizst determined. Groups ▲ to K reootaed by photography 
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Nitrogen. 
Deslandres, 'Compt. Bend.' ciii. 376l(1886) ; « Ann. Chim. Phys.' (vi.) xiv. 257 (1888). 
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* Characteristic band. 



Oxygen (Line Spegtbum). 

Trowbridge and Hutchins, [*Proc. Am. Academy,* xxiii., *Phil. Mag.' xxiv,302 (1887)], 
give nearly 300 lines of Oxygen between 5034 and 3750. The strongest lines have the fol- 
lowing positions on Rowland's map: 4816-6, 4802-4, 4782-6, 4710-2, 4705*4, 4694-1, 46510, 
4649-2, 4643-4, 4641-9, 46389, 4630-7, 4621-4, 46140, 4607-2, 4601-4, 45962, 45929, 46920, 
4590-9, 4583-1, 4544-5, 45205, 4507-7, 45030, 4447-1, 4417-2, 44150, 43669, 4363-7, 4351-4, 
4349-3, 4347-9, 43455, 4319-5, 4317-2, 42799, 4190-0, 4185-3, 4119-4, 4109*8, 41052, 41050, 
4076-2, 4072-3, 4070-2, 39951, 39814, 39736, 3966-2, 39548, 3919-2, 3919-3, 38824, 3756-3. 
3749-8. 



